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T. E. PUMAP, O. B. CYBOPIH

JOCJIJKEHHS ITPOLECIB ®OPMYBAHHS CTPYKTYPU KOMIIO3UIIIMHUX
TEIJIOI3OJAIMIMHUX MATEPIAJIIB HA OCHOBI PIJIKOT'O CKJIA, OTPUMAHUX 3
3ACTOCYBAHHSIM EKOJIOTTYHO-BE3INEYHUX HBY TEXHOJIOI'TIA

ITinBumeHHs epeKTUBHOCTI BUKOPHUCTAHHS €HEPropecypciB € OAHHUM 3 TOJOBHUX 3aBJaHb B XiMIUHIiN IPOMHCIOBOCTI He JHIIE B YKpaiHi, ane iy
BCHOMY CBITi, II[0 ITOB’3aHO 3 HEYyXWJIBHUM 3POCTaHHSM I[iH Ha €HEproHocii. ¥ 3B’3Ky 3 UM, e(eKTHBHHM CIIOCOOOM €KOHOMIi eHepropecypciB €
TEPMOMOJIEPHI3aLlisi CIIOPY/I, IPOMHUCIIOBOTO YCTATKYBAaHHS 1 KOMYHIKAIIii 32 TOIIOMOTOI0 TEIUIOi30ISIIiHIX MaTepiamiB. CIiijl 3a3HAYKUTH, 10 JaCTKa
BITUM3HSHUX MaTepianiB Ha yKpaiHCBKOMY PHHKY CTaHOBHTH He Oimbmie 30 %. ToMy CTBOpeHHS HOBHX BH/IB TEIUIOI3OJIIIHHUX MaTepialiB €
JIOCTaTHBO aKTyaJbHHM 3aBJaHHAM. TakuM MaTepialoM € TeIUIOi30ALiHHMI MaTepial Ha OCHOBI PIiKOrO CKJa, CTBOPEHHH i3 3aTydeHHSIM
MIKpOXBIJIBOBOTO BUIIPOMIHIOBAHHS B SIKOCTI QJIBTEPHATUBH TPAJHLIHHOMY KOHBEKTHBHOMY TEIUIOBOMY HArpiBy. TexHoIOriss BHpOOHHIITBA
TEIUIOI30JIALIHHAX MaTepialiB Ha OCHOBI PIAKOro CKJa LUISIXOM Tapsvoro CIIHIOBaHHs Iepeidadae OoTpUMaHHS marepiainy y (opMi rpaHyi, a He
IUTUT, 9epe3 TPYITHOII PiBHOMIPHOTO IPOTPiBaHHS BHYTPINIHIX HIapiB BEIMKOPO3MIpHMX 3paskiB. IIpobiemMa KpynmHOMAacmITaOHOTO BUPOOHHIITBA
SIKICHAX TEIUIOi30JAIIHHUX MaTepialiB Ha OCHOBI PAKOro CKJIa B INTUTHIN (opMi He po3B’si3aHa BHACIIZOK OTAaHOT'O IPOTPiBaHHS BHYTPILIHIX MIapiB
IUIMTH Yepe3 HU3bKY TEIUIONPOBIAHICTS 30BHINIHIX mapis, mio ciydmiucs. Came TOMy BHTOTOBJICHHs KOMIIO3HLIHHHIX TEIUIOI30ISILIHHIX MaTepialiB
Ha OCHOBI I'PaHyJIbOBAHOTO HAIIOBHIOBAdYa 1 PiJKOCKISIHOTO 3B’SI3yFOYOr0 IPOMOHYETHCS mpoBoauTd mix miero HBY BunpowmiHroBaHHs. Terioizo-
JIILIHI BIIACTUBOCTI CIyYEHHX MaTepiasliB Oe3[ocepeHbO BH3HAYAIOTHCS X MaKpOCTPYKTporo. ToMy METOI0 JaHOTO MOCHIMIKEHHS € BH3HAYEHHS
3MIiH B CTPYKTYypi MaTtepiaiy Bim THITy i KiIBKOCTI 3aCTOCOBYEMHX IHIpEIi€HTIB pilKOCKIIsHOI kommo3unii. Ha mincraBi nmpoBemeHNX ROCIIIKEHb
[I0Ka3aHo, [0 HAaHOUIBII BIIOPSIKOBaHY CTPYKTYpY MalOTh MaTepiaid 3 BHKOPHCTaHHSIM, SIK HAIIOBHIOBada OKCHIY LIMHKY 1 SIK Ta30yTBOpIOBada
NIepOKCUy BOAHIO. BeTaHOBIIEHO, 110 3acToCcyBaHHS iX y KimbkocTi 1o 9-10 mac.q 3abe3nedye TaKy MBHAKICTH BUALICHHS ra3y i pocTy LEHTpiB Hip,
sIKa TIOpIBHSHHA i3 TPOLECOM OTBEPXKEHHS KOMIIO3MIL{, IO JO3BOISE OTPUMATH MaTepiald 3 OXHOPINHOIO, IPiOHO— Ta 3aKPHTOIIOPHUCTOIO
CTPYKTYpOIO, sika 3abecrieuye BUCOKI TEIUIOi30JIALiKHI BIaCTUBOCTI BUPOOiB 3 KoedimienToM teroposigaocti 0,05-0,055 Br/m K, 1o 3amoBoiibHSsE
BHMOTaM JI0 TEIUIOI30MALIHUX MaTepiaiB.

KoiouoBi ciioBa: KOMIIO3MILINHI TEIUIOI30ILIIHHI MaTepiaiy, pifke CKJIO, CTPYKTypa, HMOIEpedHui xiamerp Imip, koediieHT (popMH IIip,CTyIiHb
HEOJHOPIJHOCTI CTPYKTYPH, 3araJIbHa HOPHCTICTh, TOJS 3aKPUTHX IIip.

T. 3. PBIMAP, A. B. CYBOPHH

HNCCIEJOBAHHUE ITPOOECCOB ®OPMUPOBAHUA CTPYKTYPbI KOMIIO3UIIMOHHBIX
TEILIJION3O0JIAINOHHBIX MATEPUAJIOB HA OCHOBE KHUJKOI'O CTEKJIA, IOJITYYEHHbBIX C
MPUMEHEHHUEM EKOJIOTMYHO-BE30ITACHBIX CBY TEXHOJIOT A

IoBbimeHne 3QGEKTHBHOCTH UCHOIB30BAHUS SHEPrOPECYPCOB SIBISACTCS OJHOM M3 TNIABHBIX 3a[a4 B XMMHYECKOH MPOMBIIUICHHOCTH HE TOJIBKO B
VkpauHe, HO U BO BCEM MHPE, 4TO CBSI3aHO C HEYKJIOHHBIM POCTOM I[CH Ha 3HEProHOCHTENH. B cBsi3u ¢ 3THM, 3()(EKTHBHBIM CIIOCOOOM 3KOHOMUH
SHEPTOPECYPCOB SABISICTCS TEPMOMOACPHHU3AINUS COOPYKEHHIA, ITPOMBIIICHHOT0 000pPYI0BaHUS ¥ KO MMYHHKALUH C TIOMOIIBIO TEIIOM30 I IIHOHHBIX
matepuanoB. Cieayer OTMETHTb, YTO JIOJs OTEYECTBEHHBIX MAaTEpUaliOB HA YKPaWHCKOM pbIHKe coctaBiisier He Oonee 30 %. [TosTomy co3nanue
HOBBIX BH/IOB TCILIOM3OJIAI[MOHHBIX MAaTEPUAJIOB SIBISETCS TOCTATOYHO aKTyaJbHON 3afadeil. TakMM MaTepHaloM SIBISICTCS TEILIOW30JIILIMOHHBIA
MaTepHall Ha OCHOBE JKHJKOrO CTEKJa, CO3JAHHBIN C MCHOJIb30BAHMEM MHKPOBOJIHOBOTO M3Iy4YCHHUs, B Ka4eCTBE aJbTEPHATHBBI TPAJHIMOHHOMY
KOHBEKTHBHOM TEIIOBOMY HarpeBy. TeXHOJIOTHS HPOM3BOJCTBA TEIIOM3OJALMOHHBIX MATCPHUAlIOB Ha OCHOBE JKHIKOIO CTEKJA ITyTeM TOpS4ero
BCIICHHMBAHMS NPEAYCMAaTPHUBACT MONyYeHHE MaTepHana B (opMe rpaHyil, a HE IUIMT, M3—3a TPYJHOCTEH PaBHOMEPHOTO IPOrPEBAaHUsI BHYTPEHHHX
CJIOEB KPYIHOpa3MepHbIX 00pa3ioB. IIpobiaemMa KpymHOMAcCIITAOHOTO MPOM3BOACTBA KAaYECTBEHHBIX TEILIOM30JIIMOHHBIX MAaTePHAlIOB HAa OCHOBE
KUJIKOTO CTEeK/Ia B IUIMTHOM (opMe He pelleHa BCICJACTBHE IUIOXOrO MPOrpeBa BHYTPEHHHMX CJIOCB IUIUTHI M3—3a HU3KOH TEILIOMPOBOJHOCTH
BCIIYYCHHBIX BHELIHHUX CJI0€B. VIMEHHO M03TOMY M3TOTOBJICHHE KOMITO3HIIHOHHBIX TEILIOM30/SIIHOHHBIX MaTEPHAIOB HA OCHOBE IPAHyINPOBAHHOTO
HAMOJHHUTENS U JKUIKOCTEKOJIBFHOIO CBS3YIOIIErO IMpeiaracTcsi mpoBoauTs noj aekictBueM CBY m3mydenns. Terions3ossiMOHHBIE CBOWCTBA
BCIIyYCHHBIX MAaTEPHAIOB HEMOCPEACTBEHHO OMPECISIOTCS HX MAaKpOCTPYKTpoii. [109TOMY IeNbi0 JAHHOTO MCCIIE0BAHUS SIBISETCS OIpPE/CICHIE
U3MCHEHHUH B CTPYKType MaTepHalia OT THIA ¥ KOJIMYECTBA UCIOIb3yEMbIX HHIPEINCHTOB KUIKOCTEKOIBHOH KOMIIO3HUIMH. Ha OCHOBE MpOBEACHHBIX
HCCIIEI0BAHMIT OKA3aHO, YTO HanOoee yHOPsJOYCHHYIO CTPYKTYPY UMEIOT MaTepHAIIbl C HCIIOIb30BaHNEM, B KAYECTBE HAMOJIHUTENS OKCHA I[THKA
U ra3o00pa3oBaTensi MEpOKCHIa BOJOPOJA. YCTAHOBJICHO, YTO NMPUMEHEHHE MX B KomuuecTBe Mo 9—10 Mmac.u oOecreumBaeT TaKkyl CKOPOCTh
BBIJICJICHHUS Ta3a M POCTa LEHTPOB IOp, KOTOpas CPaBHMMA C IPOLECCOM OTBEPIKACHHS KOMIIO3MIMH, YTO MO3BOJSCT IOTYYHUTh MaTepHaibl C
OIHOPOJTHOM, MEJKO— M 3aKPBITOINOPUCTOTO CTPYKTYpPOi, OOecriedmBacT BBICOKHE TEIUIOM3OJLMOHHBIC CBOHCTBA M3JENHN ¢ KOA(DPUIHEHTOM
teropouaHoct 0,05-0,055 Bt/ M - K, uto ynoBneTBopsieT TpeOOBaHHIM K TEIIIOM30JIILIMOHHBIM MaTepHasIaM.

KiroueBble €J10Ba: KOMIIO3UIMOHHBIC TEIUIOM30JSIIIMOHHBIC MaTepUabl, )KHAKOE CTEKIO, CTPYKTypa, MOMEepeyHsIil auamerp nop, koddduuneHt
(hopMBI 1O, CTEIEHb HEOAHOPOIHOCTH CTPYKTYPBI, 0011ast MOPHCTOCTh, JOJIS 3aKPBITHIX HOP.
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T.RYMAR, O. SUVORIN

RESEARCH OF PROCESSES OF FORMATION OF STRUCTURE OF COMPOSITE THERMAL
INSULATION MATERIALS ON THE BASIS OF LIQUID GLASS BTAINED WITH THE USE OF
ENVIRONMENTALLY SAFE MICROWAVE TECHNOLOGIES

Improving the efficiency of energy use is one of the main tasks in the chemical industry not only in Ukraine but also around the world, which is due to
the steady rise in energy prices. In this regard, an effective way to save energy is the thermal modernization of buildings, industrial equipment and
communications with thermal insulation materials. It should be noted that the share of domestic materials in the Ukrainian market is not more than
30 %. Therefore, the creation of new types of insulation materials is a very important task. This material is a heat—insulating material based on liquid
glass, created with the involvement of microwave radiation as an alternative to traditional convective thermal heating. The technology of production
of heat—insulating materials on the basis of liquid glass by hot foaming involves obtaining the material in the form of granules, not plates, due to the
difficulty of uniform heating of the inner layers of large samples. The problem of large—scale production of high—quality thermal insulation materials
based on liquid glass in plate form is not solved due to poor heating of the inner layers of the plate due to the low thermal conductivity of the swollen
outer layers. That is why the production of composite thermal insulation materials based on granular filler and liquid glass binder is proposed to be
carried out under the action of microwave radiation. Thermal insulation properties of expanded materials are directly determined by their
macrostructure. Therefore, the purpose of this study is to determine changes in the structure of the material from the type and amount of ingredients
used in the liquid glass composition. On the basis of the conducted researches it is shown that the materials with use as a filler of zinc oxide and as a
gas—forming agent of hydrogen peroxide have the most ordered structure. It is established that their use in the amount of 9-10 wt.h. provides a rate of
gas evolution and growth of pore centers, which is comparable to the process of curing composition, which allows to obtain materials with a
homogeneous, fine and closed—porous structure, which provides high insulating properties with a thermal conductivity coefficient of 0.05-0.055 W /
m - K, which meets the requirements for thermal insulation materials.

Keywords: composite thermal insulation materials, liquid glass, structure, transverse pore diameter, pore shape coefficient, degree of structure

heterogeneity, total porosity, proportion of closed pores.

Beryn. IlinBumenHs eQeKTHBHOCTI BHUKOPHUCTAHHS
EHEePropecypciB € OJHUM 3 TOJIOBHHX 3aBJIaHb B XIMIUHIN
MIPOMHUCIIOBOCTI He JuIIe B YKpaiHi, aje i y BCbOMY CBITi,
IO TIOB’S3aHO 3 HEYXWJIbHUM 3pOCTAaHHSM I[iH Ha
EHEeproHocii. Y 3B’s3Ky 3 IUM, €(EKTHBHHM CHOCOOOM
EKOHOMIi €Hepropecypcis € TepMOMOJIEpHI3aIlis CIOpy,
MPOMHCIIOBOTO  YCTAaTKyBaHHSA 1 KOMYHIKamiii 3a
JIOTIOMOTOI0 TEIUIOI30JISIIIHHIX MaTepiaiB.

Temnoi3onsaiiHuMy  HAa3UBAIOTh ~Martepiany, sKi
3aCTOCOBYIOTh Yy OYAIBHUIITBI HUTJIOBUX 1 MPOMHCIOBUX
OyniBelb, TETIOBUX arperariB i TpyOOIpPOBOIIB 3 METOIO
3MEHIIIUTH TEIUIOBI BTPATH B JOBKULIA. TeruIoi3osiiiHi
Marepiajan XapakTepU3yKThCs HOPUCTOK OYIOBOIO i, SIK
HACJIIOK [bOr0, MaJIOK INUIbHICTIO (He Olnblie
600 kr/m®) i HH3BKOIO TEIUTONPOBIAHICTIO (He Ouibmie
0,18 Bt/(m-°C) [1].

Bix sxocti Terumoizonsmii  OymiBNI  3aJEXKHUTH
KUTBKICTh eHeprii, HeoOXimHoi i Horo o06irpiBy B
XOJIOAHY TOpY POKy. PaHimie poib Temioi3omismiiHuX
MaTepiayliB BHUKOHYBAaJM OymiBeNbHI Marepiaiu, sKi €
OJIHOYACHO HECYYMMH KOHCTPYKLISIMH OyAiBii — A€peBo,
neria, OeroH. [lpm 3pocTaHHI BapTOCTI €HEProHOCIiB
pOJIb TEmIoi30Js1ii CTaja 3pocTaTH, TakK SIK MOCTYIIOBO
CTaJI0 OYEBHJIHO, 10 HEMOXKIIUBO 301IBIIIYBATH TEILI0I30-
TS0 OyXiBJI BUKIIIOYHO 33 PaxyHOK 301UJIbIICHHS TOB-
mHU OyMaTepiais.

TemnoizonAwuiss 703BONSE 3HU3UTH BUTPATH Ha

ONMAJIEHHS 1 3aXMCTUTH HABKOJIMIIHE CEPEAOBHUIIC.

BukopucraHHs TEIUIOI30MIIIMHUX MaTepialliB 103BOJISIE
3MEHIIUTH TOBIIMHY 1 Macy CTiH Ta IHIIMX OTOPOJIKY-

BAIBHUX KOHCTPYKIH, B3HU3UTH BHUTPATYy OCHOBHHUX
KOHCTPYKUIHHUX MaTepiaiiB, 3MEHLIMTH TPAaHCHOPTHI
BHUTPaTH 1 BiANOBITHO 3HMU3UTH BapTICTh OYHiBHHIITBA.
[Mopsin 3 UMM TpPH CKOPOYEHHI BTpaT TeIula OIajioBa-
JTEHAMH OYIiBIIIMH 3MEHIIYETHCS BUTpaTa nanusa [2].
OcCTaHHIMH POKAaMH CIIOCTEPITa€ThCsl 1HTEHCUBHE
3pOCTaHHA O0CSATIB BHPOOHHITBA i CHOXKHBAHHS TEILIO-
i3oysAIiiHMX  MarepianiB.  Terutoi3ossimiiti  MaTepianu
3aliMaloTh 3HAUHY YaCTHHY PHHKY OyAiBelIbHHX MaTepia-
JIB, sIKI BAKOPUCTOBYIOTHCS [UIsl BHYTPIIIHBOTO 1 30BHIII-
HBOTO yTeIUIeHHS OyniBensb [3].
TPOAYKITT
HACTYITHHX TPYI: MiHepalbHa Bata i BUpoOH 3 Hei (MatH i

Homenknarypa wiei CKJIaJIa€ThCsl 3
IUIUTA MiHEPAJOBATHI, PI3HOTO BHUIy YTEIUIIOBadYl); Ter-
JO3OJSAMIMHI MaTepiand 13 CKJIOBOJIOKHA;, OyaiBebHi
TEIIOI30IAIIHI MTHOMIACTH; TEIUIOI30IAMLIHHI THOOETO-
HU; TOJTIMEPHA KPHUXTa ¥ 1HIIA TeTToi301smist [4].

Crin 3a3Ha4YMTH, MO0 YacTKa BITYM3HSAHUX MaTepialiB
Ha yKpaiHCHKOMY PUHKY CTaHOBUTH He Outbme 30 %. Ilpu
IIOMY YKpPaiHChKi BUPOOHWKH CHJIbHI TIO3HWINI 3aiMaroTh
TUIBKK Yy BHITYCKY TMiHOIOJIICTHPOJIY Ta IHIIMX IiHOILIACTIB
[5]. ToMy CTBOpeHHsS HOBUX BHUJIB TEIUIOI30MIALIHIX
MarepiajliB € JIOCTaTHBO aKTyaJbHUM 3aBIaHHAM. Takum
MarepiaJoM € TeIIOBOIIAHNNA MaTepial Ha OCHOBI
PIIKOCKIISTHOTO TPaHYJIATY 1 3B’SI3YFOUOTO TAaKOXK HA OCHOBI
piIKoro ckia, CTBOPEHHUH 13 3aJy9e€HHSAM MiKPOXBHIHOBOTO
BUIIPOMIHIOBaHHSI B SIKOCTI aJbTEPHATHUBH TpaJHIliiHOMY
KOHBEKTHBHOMY TEIUIOBOMY HarpiBy.

B ocranHi pokM Benmka yBara HpPUALIAETHCS
CIIy4eHUM TEIUIO30JAIHHAM MaTepiajlaM Ha OCHOBI

4
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HEOpraHiYHUX IOJIIMEpPIB, 30KpeMa, PIJIKOTO CKJa, TaK SIK
i Marepiaiy, Ha BIOMIHY BiI TpamuIliifHOI OpraHoIO-
JIIMEPHOI TETUTO130JIS1Ii1 BOJIOAIIOTH BUCOKOK TEPMOCTI-
KicTio. PO3pi3HSAIOTE CITydeHi piAKOCKISIHI MaTepiaid, mo
NPE/ACTABISIIOTE COOOI0 MPOJYKTH CITydyBaHHS Tifparo-
BaHUX PO3YMHHUX CTEKOJ, i KOMITO3HUIIii{HI MaTepiaiy, Mo
BKJIIOYAIOTH TPaHyJLOBaHE CIydeHe pifake ckimo [6-7] i
3B’s3ytoue [8].

TexHoJOTisI BUTOTOBJICHHS KOMIO3HUIIIMHUX Mare-
piamiB y BUTISAAI BHPOOIB HAa OCHOBI TPaHYJIbOBAHHX
NPOXYKTIB  MOJsrae y  MIArOTOBLI  3B’S3YHOUOTO
(HampHKIIa/ PiKOTO CKJIa), PUTOTYyBaHHI (OPMYBaJIbHOT
Macl 3 TpaHyl i 3B’sA3yrouoro, (GopMmyBaHHI BHPOOY i
CTBOPEHHI YMOB JUIS ILIBUJIKOTO OTBEP/KEHHS 3B’s3y-
to4oro [9]. OgHak BHACTIIOK TOIMIO, IO OMOHOJITYBaHHS
3B’SI3yI0OYMM  BiIOYyBaeTbCcs 3a TEMIIEpaTypud HaBKO-
JWIIHBOTO CEpPENIOBHUINA, TaKi MaTepiall MalOTh HEBHCOKY
MIIHICTB 1 BOJOCTIMKICTE.

Texuomoris BHPOOHHIITBA TEIUIOI30IIAIII MHAX
MarepiaiiB Ha OCHOBI PIJIKOTO CKJa ILIAXOM Iapsiyoro
CIHIOBaHHA Tependavyae OTpUMaHHS Marepiany y gopmi
TpaHys, a He IUINT, dYepe3 TPYAHOLI PIBHOMIPHOTO
MIPOTpiBaHHSA BHYTPIIIHIX IIapiB BEIUKOPO3MIPHUX 3pas3-
kiB [10].

mpobieMu € Te, IO HUHI HE pO3B’sA3aHa IpodiemMa

ToMy HEBHPIIICHO YaCTHHOI HayKOBOT

KPYIHOMACIITaOHOTO BUPOOHMITBA SKICHHX TeEIJI0i30-
JAMIHAX MaTepialiB Ha OCHOBI PIAKOTO CKJIA B TUIMTHIH
(dbopMi BHACIHIZIOK TOTAaHOTO MPOTrPIBaHHS BHYTPILIHIX
[IapiB IUIATH Yepe3 HU3bKY TEIUIONPOBIIHICTh 30BHIMIHIX
mapi, mo coyumiucs. CamMe TOMY BHTOTOBIICHHS
KOMIIO3HUIIITHAX TEIUTOI30JAIIIHNX MaTepialliB Ha OCHOBI
IpaHyJIbOBAaHOTO HAIOBHIOBAYA 1 PiAKOCKIISTHOTO 3B’ S3YI0-
4OTr0o TMPOMOHYEThCS TpoBoauTH mix miero HBY Bumpo-
MIHIOBAHHSI.

Jo mepeBar MiKpOXBIJILOBOTO HarpiBy MOXKHa Bif-
HECTH Horo 06’eMHICTh i GesiHepiiitHicTs, TOOTO HarpiB
MaTepiary 3IIACHIOETBCS BiApasy 3a yciM 00’€MoM, IIo
3abe3neuye BiACYTHICTP a00 BUHHMKHEHHS HE3HAYHHUX
TEMIIEpaTypHUX T'PaJi€HTIB y MIapi Marepiany; BUCOKHH
KOe(iIlieHT TEepeTBOPEHHS MIKPOXBIJIFOBOI €Heprii B
TEIUI0; BUOIPKOBICTH HarpiBy, TOOTO 3JaTHICTH HOTJIH-
HaTH 1 KOHBEPTYBATH MIKPOXBHIBOBY €HEPTil0 B TEIIO
[11].

MiKpOXBHIIBOBI TEXHOJOTi, OONagHAHHS, a TaKOX
OTpUMaHui 3 X 3aCTOCYBaHHSM HPOJYKT € €KOJOTIYHO
YUCTHMH, TOMY 10 Mai»e BiJICYTHI BUKHII B aTMOC(epy
IIKI/UIMBUX PEYOBUH. MIKPOXBHIIbOBA YCTaHOBKA CTBO-
pro€e KoMGpOPTHI YMOBH JJIsi OOCITYTOBYIOUOTO MEPCOHATY
Ta HE MIKOJWTh HABKOJHMIITHEOMY CEPEIOBHIILY.
BJIACTHUBOCTI

Mera  podotu. TemnoizonsmiiiHi

CIIyUeHHMX MarepiayiiB Oe3nocepesHb0 BH3HAUYAIOTHCS 1X
MaKpoCTpyKTpoo. ToMy MeTol NpOBEINEHHS ITaHOTO
JIOCITIJDKEHHS € BU3HAYEHHsI 3MiH B CTPYKTYpi MaTepiaiy
Bil THIly 1 KIJBKOCTI 3aCTOCOBYEMHX IHTPEII€HTIB
PIAKOCKIISTHOT KOMITO3HIIIT.

Buxnanenns OCHOBHOI'0 MmaTtepiaay. [Ipu
MIPOBEJCHHI JIaHOTO JIOCITI/DKEHHS BHM3HAYAIUCh CEPEaHi
po3Mipu ocepeakiB MaTepialy Ta WOTO MOPHCTICTh
BimNoOBiqHO 10 TexHivamx ymoB CTB 1338, 2002 —
«IleHommacTel KECTKHUE HOJINYPETaHOBBIC "
MOJIMU30LMaHypaTHbIey. MeToa mnojdrae B MiIpaxyHKY

KUTPKOCTI Tip Ha NEBHIM TEOMETPHUYHIH IDIOMI 3pi3y

miHommacty.  UlmsxoM  mojmanmbmioro  po3paxyHKY
CepemHBOl  IUIOMI,  3alilMaHOI  OJHIE0  IOPOIO,
BU3HAYAIOTKCS i JIIHIHHI pO3MIipH.

[Tonepeunuii fiamerp mip € PO3PaxyHKOBOIO

BEIMYMHOIO, MIO XapaKTepHU3ye TONEpPEeYHUuil po3Mip
ycepemHEeHUX Tip emincoigHoi abo kpyrioi dopwmu,
i7IcalbHO OMHOPIAHOTO 3a CTPYKTYPOI  S[UCICTOrO
MaTepiary, o HaiOLIbm OIM3BKO BiANOBITAE peaTbHOMY
MHOIUIACTY MO CTPYKTYPI 1 IIITBHOCTI.

KoedimienT ¢opmu mip — mapamerp, mo BizOmBae
CTYIMiHb BUTATHYTOCTI Mip 1 BU3HAYAETHCA SIK BiTHOLICHHS
TPaHMYHOTO  PO3MIpy ycepemHeHol mopu 1o i
MOTIEPEYHOT0 PO3MIpY.

I[Ipu TpoBeneHHI BHUMIPIB BHKOPHUCTOBYIOETHCS
MmacmTabHa citka i mikpockon Bresser LSD 50x—2000x.

BunpoOyBanHs Moske 3/ilicHIOBaTHCS Ha 3pasKy
Oynp—sikoi (opMH 1 pO3MIpiB, IO Ma€ 3pi3aHy IUIOCKY
noBepxHto. [yl BHM3HAUEHHS IIONEPEYHOTO JiaMeTpy
OCepe/IKiB 3pi3 poouThes B HaTpsMi,
MIepIEeHANKYIISIPHOMY HanpsiMy criHioBaHHs. [Ipu orminmi
BUTATHYTOCTI OCEpEIKIB POOUTHCS JIOJATKOBUH 3pi3 B
cmiHroBanH0. [lomepeunnit

HampsiMi, TapaeJbHOMY

JiaMeTp Mip po3paxoBYETHCS 3a (HOPMYIIOHO:

€]

ne: D — monepeunwmii giametp mip, MM;

S — moma 3pi3y Ha SKili OIPOBOAWTHCS MiIPaXyHOK
mip, CMZ;

N — 9¥CII0 Tip Ha Ioli S;

pM — IIUIBHICTH IOJIMEPHOI'O MaTepialy — OCHOBH
HOILIACTY, KI/M>;

Pk — YSIBHA IILTBHICTh MIHOIIACTY, KI/M°.

3a ocTaTouHuii pe3yasTaT De, mpuiiMaeThbes cepenne
apumMeTHyHe 3HadeHb aAiamerpy mip D, oTpuMaHuMX B
pi3HUX MicIIX OJOKY.

KoedimienT dhopmu mip o micist JOJaTKOBOTO Tipa-
XYHKY KUIBKOCTI Mip Ha JeSKid IUTomi 3pi3y, mapaisieis-
Hill IO CIIIHIOBAHHSI, O0YHCITIOITH 332 (JOPMYJIOH):
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S -n
o=——,
n-S

ne o — koedinieHT Gpopmu mip;

)

S;— mroma 3pi3y, MapajenpHOTO CIHIOBaHHIO, Ha
SIKiif IPOBOXUTECA T APAXYHOK TIip, CM2;

N; — KUTBKICTH Tip Ha mromi Sy;

S ¥ N — BIAMOBIIHO IJIOMIA 1 KITBKICTh Mip JJIA 3pi3y,
HEPICHIUKYJIIPHOTO CIIIHIOBaHHIO.

OmiHKa CTYHEHS  HEOJHOPIAHOCTI  CTPYKTYpH
MHOIUTACTY POOUTHCS IO BiAHOCHIN 3MiHI IiaMeTpy mip B

PI3HHX MicusIX OJIOKY 1 MOXe OyTH BUpa)KeHa SIK:

AD,
K = —<.100, 3)
D.

AD, =D, -D,,,

ne  AD— ycpennene snauenns A Dj;

Di— imguBimyampHe 3HaueHHS D B pisHHX Mecmsax
OJIOKY.

Mopucricte TIM BH3Ha4YaeThCA 32 BiJCOTKOBHM
BMICTOM 3aKpUTUX Mip. 3pa3kd sl  BUIPOOYBaHb
moBHHHI MaTH (opMmy Kyba 3 po3mipamu pedpa 50 +
0,5MM Ta piBHy TmOBepxHIO 0e3 BHIUMHX Ae(EKTIB
KoMip4acToi CTPYKTYpH 1 CIiNiB MeXaHIYHOI O0OpOOKH.
Ilepen  BuUNpPOOYBaHHSAMHM  3pa3kl  KOHIHIIOHYIOTh
BIIPOAOBXK 24 Tox. ipu Temmepatypi 20+2°C. Po3paxyHok
BIZICOTKOBOT'O BMICTy 00’€My 3aKpUTHX Iip BU3HA4YaloTh
3a (hopMyII0IO:

5 =TIy ~ITg, (4)
ne Ilg — 3aranpHUi 00’€M BIOKPHUTHX Iip B 3pasKy, %,
NpUIMaeThCs PIBHUM 00’ €My BOJIONIOTIMHAHHS, %0;

II; — moBHUI 006’eM Tip B 3pasky, %, 0OUHCITIOIOTH

3a (hopMyJIOIO:

~Pe 1100. (5)
P,

11, =

Oo0roBopennsi pe3yabratiB. OnepxaHHs KOMIIO-
(TIM)
MPOBOJIAIIOCH IIUISIXOM 00’€MHOTO OMOHOJIIIYBaHHS, TOOTO

1711117131704 TETUIOI30JISII THIX MarepiaiB
OJJHOYACHHMM CITy4CHHSM TpPaHyJIbOBAaHOTO HAIllOBHIOBaYa i
HBY

BUTIPOMIHIOBAHHS, III0 JO3BOJSE 3amo0ilTH  YCaIKOBHX

PIAKOCKIISTHOTO 3B’A3YOUOTO yibit i€
SBUI, YTBOPEHHS TPIIIWH, OCIIAaHHSA IiHW 1 YTBOPEHHS
BENIMKUX TIp, 3aB[SIKWA [I[UJIbHIH YIAKOBLI TIpaHyl, SKi
CIIKAIOTBCS MK CO0OI0 1 PIBHOMIPHOMY PO3IIOJIITY
CITy4EHOTO 3B’SI3yIOYOT0, IO 3alOBHIOE MIKTPaHYJIbHUN
mpoctip  [12]. MPUTOTYBaHHI
HAIlOBHIOBaYi OyJM BHUKOPHCTaHI LIEMEHT Ta OKCHJ ILIMHKY,

IIpu 3B’S3YI0UOTO  SIK

SIK Ta30yTBOPIOBadi — IMEPOKCO BOJIHIO Ta TiApOKapOOHAT

Harpifo. Jyii OTpUMaHHS OJHOPIAHOI 1 BIATBOPIOBAHOI
CTPYKTYpH I0 ckiany piakockistHoi kommosutii (PCK)
BBOJIMJIM TIOBEpXHEBO—akTHBHY pedoBuny (ITIAP) OII-10,
o 3a0e3redye piBHOMIPHHUN pPO3IOIIT Ta30yTBOPIOIOYOTO
arcHTa 1 HATIOBHIOBAYA Ta IiIBUIIYE CTIMKICTH MTIHH.

OCHOBHI TTOKa3HUKH MaKpOCTPYKTYPH KOMIIO3HUIIiH-
nux TIM npencrasneni B Tabu. 1.

3 manmx Tabmumi 1 i puc. 1 BuaHO, IO TpH BMICTi B
PCK nemenTy y ximpkocti 10 Mac.q B’I3KiCTh KOMITO3HIIIT HE
€ JIOCTAaTHBOIO, 1100 HAaJATH MIIHICTh MIXKIIOPOBHM CTiHKaM
CIly4e€HOro Marepialy, TOMY BOHH pPYyHHYIOTBCS, ILO
TIPU3BOAUTE JI0 00’€THAHHS Mip MiX COOOI0 i 30LTBIICHHS
KUIBKOCTI TOpOXKHEY B MaTepiaji. 3arajbHa IOPHUCTICTH
Takux 3paskiB 84-85% 3 mux 51-52 % mpuxomutecs Ha
Jono 3akputux mip. [lonepeununit niamerp mip 1 cTymiHb
HEOJJHOPIAHOCTI CTPYKTYPH B I[bOMY BHIAJKY JOPiBHIOIOTH
0,7-0,8 MM i 13-14 % BignoBigHo. HaiiOuiein piBHOMIpHA
CTPYKTypa, SIK BHUIHO 3 PHCYHKA, CIIOCTEpIraeTbcs IpH
BMicTi nemeHTy 20 mac.y, TIOKa3HHKH IIONEPEYHOrO
JiaMeTpy Tip i CTyNeHs HEOTHOPITHOCTI CTPYKTYPH MarOTh
HafMeHIII 3HAYEHHS 1 CKJIaAaloTh BianoBiaHo 10 0,6-0,7 MM
i 12-13 %,
3aKPUTOTIOPHUCTY

Taki 3pa3Kd MalOTh TaKoX 1 HaHOUTBII
ctpykrypy (54-56 %). Hammumikouii
BMICT LIEMEHTY Y 3B’A3YIOUOMY NPU3BOAUTH IO MiABUILICHHS
HIBUAKOCTI 3aTBEPHIiHHA 3B’A3yIOYOTO 1 THCKY Tapu
BUSIBHJIOCS HEIOCTATHBO, 00 370J1aTH 3aTBEPIUTUNA KapKac
3a yciM 00’€MOM MaTepiairy, TOMy OTPUMAIX HEOHOPIIHO
CITydeHUH 3pa30K (CTYIiHb HEOJHOPITHOCTI CTPYKTypH
12,5-13 %) 3 menroro mopucTictio (76—78 %), oaHak 10
3aKpUTHX ITip B HUX JOCTaTHBO BHCOKA 53-54 %.

Y wmarepiaini 3 Bmictom ZnO 5 1 7,5 mac.y crocre-
piraeThcs BeNHMKa KiJIBKICTh KPYITHUX HE3aMKHYTHX TIip B
CTPYKTYpi Marepiany (3arajbpHa MOPHUCTICTh 3pa3kiB 80—
83 % 1 mumre 40-50 % crimamae mons 3aKpUTHX IIip), IO
NPU3BOJIUTE IO BOIO— 1

3HWKECHHS apoCTIAKOCTI

Marepialy, a OTXe, 1 MNagiHHA HOro TeIIo(i3mIHIX

BnactuBoctedd. Ilpm Bwmicti ZnO 15 mac.y B 3pasky

CIIOCTEPIraeThCd 3HIDKCHHA KUIBKOCTI Tip  (3araibHa
nopucTicts  ckianae  79-80 %), OCKNBKM — HIBHIKICTH
rejIeyTBOPEHHS PCK NIEpEBUILYE LIBUJIKICTD

MIOPOYTBOPEHHS, TOMY BOHH IIEPEBAKHO 3aMKHYTI (OIS
3akputux mip 51-52 %). Haii6inem piBHOMIpHO TOpH
po3moaiieHi B 3pa3Ky, B skomy Bmict ZnNO craHoButh 10
Mac.4. Lle miarBepKytoTh 1 1aHi Talu. 1, 3 SKMX BHAHO, IO
HaMEHIII TTOKA3HUKH MOTIEPETHOTO AiaMeTpy Tip 1 CTyNeHs
HEOJJHOPIHOCTI CTPYKTYPH Ma€ MaTepiall 3 BUKOPHCTaHHIM
10 mac.a ZnO i cknaparoTs BoHM Bignosigao 0,5-0,6 MM i
8-9 %.
CTPYKTYpa, ix 3arajbHa mopucTicTh 83—84 % 3 Hux 53—

B Takmx 3pa3Kax IMEPCBAKAE€ 3aKPUTONOPHUCTA

54 % npuxoauThCs Ha AOJIIO 3aKPUTHX IIIp.
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Tabnuist 1 — OCHOBHI MOKAa3HUKU MakpOCTPYKTypH koMnosuuiinoro TIM (ycepenHeHi 3HaYCHHS)

: SL-' T“ :g-' I~ 35- = m o> § E e X |
g ic B Ec g |eEE |t 5 |EEB| 22 | ER
: 55z s |58 | 888 £¢ | 28| 25 | f¢

g § 2E g z2|zg2z2|22°%| & |csE| %% | &

= & A= g | R&§ge | RE 8 g2 ° = =

= = ~ g = >

10 mac.4 46 58 0,76 0,68 0,79 13,3 84,29 51,79
£ 15 mac.u 52 65 0,72 0,64 08 12,9 84,29 56,69
§ 20 mac.u 57 70 0,67 0,61 0,81 124 81,43 55,83
25 Mac.u 60 73 0,64 0,58 0,82 128 77,86 53,46
3 5 mac.u 48 58 0,73 0,67 0,83 11,9 80,71 41,71
= 7,5 Mac.u 53 64 0,7 0,64 0,83 10,2 82,43 48,93
5 10 mac.4 88 97 0,55 0,52 0,91 8,5 83,57 53,37
3 15 mac.q 65 76 0,63 0,58 0,86 10,3 79,86 51,36
5 Mac.u. 94 111 0,52 0,48 0,85 7,9 80,57 52,97
5 € | 7.5macu ) 107 0,54 0,49 0,84 81 81,43 52,33
2 ¢ | 10macu 88 97 0,55 0,52 0,91 8,5 83,57 53,37
= 15 mac.4 42 51 0,75 0,68 0,82 14,4 74,29 41,79
| 0,5 Mac.u. 98 116 0,46 0,42 0,84 78 65,71 36,01
£ § .2 lmacu 75 87 0,55 051 0,86 115 71 458
&8 5| 3wmacu 56 72 0,63 0,56 0,78 13,3 70,07 52,67
= 6 Mac.u 35 49 0,75 0,64 0,71 15,7 62,14 46,94
0 mac.u. 27 42 0,99 0,79 0,64 218 82,29 62,29
= 0,5 Mac.u. 34 52 0,88 0,71 0,65 18,4 81,79 53,49
5 1 mac.q 56 78 0,7 0,59 0,72 118 85,71 55,91
2 Mac.u 88 97 0,55 0,52 0,91 8,5 83,57 53,37

®dotorpadii mopucroi crpykrypu TIM HaBeneHi Ha puc.1-5.

8

Pucynok 1 — INopucra crpykrypa TIM 3 pi3HOIO KiTBKICTIO IIEMEHTY:

a — 10 mac.4; 6 — 15 mac.4; 6 — 20 mac.4; 2 — 25 mac.4u

6
Pucynok 2 — INopucra crpykrypa TIM 3 pi3HOIO KiNBKICTIO OKCHAY LIUHKY:
a—5wmac.a; 6 — 7,5 mac.4; 6 — 10 mac.u; 2 — 15 mac.u

8
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Binpia kinbkicte ZNO (~15 mac.4) IpU3BOAHUTH 10
30UTBIIICHHS BENWYMHU 1 TOMEPEYHOro AiaMeTpy Imip, i
CTYIEHS! HEOTHOPITHOCTI CTPYKTYpPH, sIKi ckianarots 0,6—
0,7 mm i1 10-11 % BigmosixHo. IIpu kimekocti ZnO 5-7,5
Mac.4 3HA4eHHs MOMNEpPEeYyHOro JAiaMeTpy Iip i CTYIHIO
HEOJHOPITHOCTI CTPYKTYpPH HE 3HAYHO BiAPI3HAIOTHCS Bij
3pa3kiB 3 10 Mac.4 HaNIOBHIOBaYa i CKAAAI0Th BiIIOBITHO
0,5-0,55mm i 8-8,5%, ame miNBbHICT TaKWX 3pa3KiB
puma (240-250 kr/m®). Lle roBOPUTH TPO KPHTHUHHIA
BMicT ZnO y 3B’ s3ytogomy (9-10 mac.q), 3aBISIKH SKOMY
cucTeMa HaOyBa€e B’S3KICTh JOCTATHIO JJIS ii cTabimizamii
JI0 TIOYaTKy IIPOLECY OTBEPUKEHHS, 3aBISKH JKEITIOI0THM
BJIACTHBOCTSIM IIbOTO HallOBHIOBaya. Takuii MaTepiai Mae
HAMOLIPII PIBHOMIPHY APIOHOMOPHUCTY 1 BIOPSAKOBAHY
CTPYKTYPY Hapsay 3 HU3BKOK HIUIBHICTIO. YCi 3HAYCHHS
KoeimieHTy (OpMH OCepenKiB MEHIIE OIMHUII, OTXKE,
nopu B TIM BHUTATHYTI B HampsMmi, HapajeibHOMY
criHroBaHHI. [Iprdomy, unM OiIble BiH HAOMIKEHUH 10
OJIMHHINI TUM OUIBII KPYrJly (OpPMY MarOTh OCEPEIKH,
CTIHKH SKUX BIAPI3HAIOThCA OLTBIIO MinHICTIO. Tak
MOpY HaHNOIIbII HAONMKEHI A0 Kpyriol ¢GopMu MaroTh
3paskun 3 9-10 mac.a ZnO (K=0,9-0,92). B inmmx
BHUIIAJIKAX TIOPU MAlOTh, TIEPEBaXKHO, (HOpMY elirca.

Ipu npocmimxenHi mopucroi crpykrtypu TIM
3aJIe)KHO BiJl BMICTY ra30yTBOPIOBaYa BUSBIICHO, IO MPH
crinroBanHi PCK razoyTBoproBad HeoOXimHO migiOpatn
TakK, 100 NIBUAKICTh BUIIECHHS r'a3y i poCTy LEHTPIB Mip
Oylla JIeImo HWKYe 33 HIBHIKICTH MPOLECY OTBEPIKEHHS
PC. IlIBunxe
MAaJIOB’SI3Ki  KOMIIO3HIIIi TPU3BOAUTH 1O PYHHYBaHHS

pPO3KJIaaHHs  ra30yTBOpIOBaYa B
LEHTPIB 3apOJPKEHHS Mip 1 3HUKHEHHS 3 HUX ra3zy abo 10
OTPUMAaHHS MaTepiaiy i3 KPYMHOMOPUCTOK CTPYKTYPOIO.
BupiseHHs ra3y micis MOMEHTY YTBOPEHHS T'elI0 YXKe He
MOJKe TIPUBECTH JI0 CHiHIOBaHHA, ToMy mo Taka PCK ne
Mae IIMHHOCTI | He 3/1aTHa 110 Aedopmaltiii.

Sk BumHO 3 HaBe#eHUX B Tabn. 1 manwx i puc. 3, mpu
kitpkocti H,O, 1o 10 mMac.d maTepiall XapakTepu3yeThCs
Oimpi  HU3BKOIO ToOpHCTicTIO (80-82 %) 1 BHCOKOIO
nribHicTIO. HalimMeHmuid miameTp mip crocTepiraeThes
npu BuKopucTaHHi 5 mac. 4 H,0; i ckmamae 0,5-0,55 My,
crpykrypu — 7,58 %,
CTPYKTYpa TaKuX 3pa3KiB MEPEeBaXHO 3aKPHUTOIIOPUCTA

a CTYIiHb HEOJHOPITHOCTI
(momst 3akputmx mTip 52-54 %). OmHak 3B’s3yr0ue B

IbOMY BHIAJKy HEPIBHOMIPHO DO3MOAUIIETBCA Y
MDKTpaHyJBHOMY IMPOCTOPI Ta HOrO HEIOCTAaTHHO 10O
MOKPUTH BCl TpaHyNIM, 4Yepe3 HEBEIHKY KpaTHICTh
cnyuyBanHs. Hammumkosuit Bmict HyO, (monang 15
Mac.4) TaKoX He CHPHsIE YTBOPEHHIO PiIBHOMIHOMOPHUCTOT
CTPYKTYPH, Ta NPU3BOJUTH 10 YTBOPEHHS Iip BEIUKOTO
nmiameTpy, nmons 3akputux mip sume 41-42 %. lle

TIOSICHIOETHCSI THM, IO BiOYBA€THCS PO3PUB BEIHKOTO

yucna mip 1 iX o0’egHaHHA MiK coboro. B nmanomy
BHIIAJIKY CIIOCTEPIraloThCs HAHOIMBIIMK miaMeTp Tip
(0,7-0,8 MM) i HaWOIBIIME CTYMiHP HEOTHOPIAHOCTI
cTpykrypu (14-15 %). OntumansanM BmictoM H,0; € 9—
10 mac.4, sSKWH JO3BOJISIE OTPUMATH Marepian B SKOMY
3B’s3yI04Ue

piBHOMIpHO PO3IOAIIAETECS y

MDKIpaHyJIbHOMY TPOCTOpi (CTyMiHb HEOJHOPIAHOCTI
CTpyKTypH — 8-9 %) Ta Mae HEBENUKUH PO3MIp Tip, AKHH
nopieutoe  0,5-0,6 MM. 3arambHa TOPHUCTICTH TaKHX
3pa3kiB JOCTaTHRO BHCOKa — 83-84 %, i mepeBakHa
OLIBIIICTH Mip 3aMKHYTI (1015 3akpuTHX Mip — 53-54 %).
VY BuUnagKy BHUKOPHCTaHHA SK TIa30yTBOPIOBada
NaHCOj4

HEIOCTaTHRO, MO0 IHIMIFOBaTH YTBOPEHHS ip, 1 X YHCII0

BUIHO, M0 #oro kimpkocti 0,5 wMac.u
B MaTepiajii 3aHaJITO MaJo (3arajbHa IOPHUCTICTh BCHOTO
6567 %), mo6 Hagati TIM HU3bKI IOKA3HUKH MIUTBHOCTI 1
teruonpoigHocti. [lpm Bmicti 3-6 mac.u NaHCO3 B
Marepiaji € IPUCYTHIMI HEPiBHOMIPHO PO3IIOJISICHI BEIHKI
niopu. [Tonepeynnii qiamerp mip nopiBHIOE BianoigHO 0,6—
0,8mMm, a crymiee HeomHOpITHOCTI cTpykTypu 13-16 %.
Taki 3pa3ku MalOTh HEBENHMKY 3arajibHy IMOPHUCTICTh 63—
70 %, depe3 mepeBaKaHHS UIBUAKOCTI TeJICyTBOPCHHS,
NaHCO3, wman

H.IBI/I,Z[I(iCT}O TIOPOYTBOPCHHS, Ta SIK HaCJ'Ii,Z[OK BCJIIMKY MOJIFO

SIKOMY ~CIpUWSIE  IIABUIICHUH  BMICT
3aMkHyTUX mip (46-53 %). Marepian 3 BmicTom 1| mac.u
NaHCO3 xapaxrepusyeThcs
CTPYKTYpOIO (CTYIiHb HEOJHOPIAHOCTI CTPyKTypu — 11—

12%), B sKiii TepeBakae BEIHMKA KUIBKICTb APiOHUX

HAWOUTBII  PIBHOMIPHOIO

3aMKHyTHUX mip (miamerp mip — 0,55-0,6 MM, onist 3akpuTHX
mip — 4547 %). Yucenbhe 3HaueHHs koediieHTy (hopmu
OCEpe/IKIB CBIJUUTh PO MEPEBAXKHY IX BUTATHYTICTH B
HAmpsMi, TapalellbHOMY CHiHoBaHHIO. [Ipmdomy y pasi
H202 ¢dopma ocepenkiB HaOMMKAETHCS 0  KPYIJIOl
(K=0,8-0,9), a y pa3zi NaHCO3; — no omamsHOi (K=0,7—
0,85), cTIHKM TaKHMX OCEpe/IKiB MaOTh MEHIIY MilIHICTb.

BuBuanmace Takox CTPYKTypa MarepialliB 3 pi3HOIO
kinbkicTio TTAP. Haii6ineiumii giametp mip crocrepira-
€TbCs y Marepianmi Oe3 BukopucraHHs [IAP i ckimamae
~1 mm. Takwmii marepianm XapakTepH3yeThCS HEOIHOPiA-
HOIO0 CTPYKTYpOIO (CTymMiHb HeoaHopimHocTi — 21-23 %).
3aranpbHa MOPHCTICTh TaKWX 3pas3kiB ckimagae 72—74 %,
NIPUYOMY BOHM MAlOTh BEJHMKY KUIBKICTh HACKpI3ZHHX
MOpOKHEY, dYepe3 HeCTaOIbHICTh CIYYeHOi CHCTEMHU,
BHACJIJIOK SIKOi CIIiIHEHa KOMITO3UINSI OCiae i MaTepia
Ma€ BUCOKY IIUTbHICTB ~ 380 Kr/m®.

Beenenns ITAP OII-10 no3Bossie crabimizyBatu
CIIy4eHY KOMITO3HIII0, IIOPUCTICTh 3pa3KiB IiABUIIYETHCS
no 80-87 %, a momepeuHumid amiamerp mip 1 CTyHiHB
CTPYKTYpHU
OIl-10 0,5-1 wmac.y HemZoCTaTHLO IS
OJHOPIMHOT  APiIOHOMIOPUCTOI  CTPYKTYpPH.

HEOJIHOPITHOCTI 3MEHIIYIOThCS.  OmHaK
KIJIBKOCTI

YTBOPEHHS
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Pucynok 3 — ITopucta ctpykrypa TIM 3 pi3HOIO KiIBKICTIO IEPOK—CHIY BOAHIO: a —5 Mac.4; 6 —7,5 mac.4; B —10 mac.y; T —15 mac.u

a o

8 2

Pucynok 4 — ITopucra ctpykrypa TIM 3 pi3HOIO KiJIBKICTIO TiIpoKapOOHaTy HATpio:

a—0,5 mac.4; 6 — 1 mac.4; 6 — 3 mac.4; 2 — 6 Mac.4

7

6 2

Pucynok 5 — INopucra crpykrypa TIM 3 pizHoro kinbkicTio OIT-10: a — 6e3 [TAP; 6 — 0,5 mac.y; B — 1 Mac.u; T — 2 Mac.4

OntumanbHow KiabkicTio OIN-10 € 1,8-2 mac.y,
Takuil KOMIO3HUIIHHUI MaTepiaa Mae Oibll PIBHOMIPHY
JIpiOHOTIOPHCTY CTPYKTYpY, 3@ PaxyHOK pPiBHOMIpHOTO
pocty ip,
HEOTHOPITHOCTI

MoTIepeuHuid  JiaMeTp mip i
CTPYKTYpH CKIIQIAlOTh B
8-9%
300paxeHi

CTYIiHB
JAHOMY
Bunagky 0,5-0,6 mm i BignoBigHO. SIKm0
Ha puc. 5, npm
OIl-10, To

OYEBUJIHO, IO OUIBII PIBHOMIPHOKO CTPYKTYPOIO BOJOJI€

MOPIBHIOBAaTH  3pa3KH,

CIy4yBaHHI SIKHX  BHKOPHCTOBYBAIH
Mmarepiain 3 Bmictom 2 mac.4 ganoi ITAP. Ipu kimbkocTi
OIl-10 1 Oap’epy

HEJIOCTaTHhO BHCOKA, 1100 CTBOPUTH MILHMH Kapkac, i

Mac.d EHeprisi MDKIOPOBOTO

BinOyBaeThcst mudysist mapiB i ras3iB Kpi3b MIKIOPOBI
CTIHKH, TIPU I1IbOMY IiHAa pyitHyeTbcs. Bwict TIAP y

KiIBKOCTI  ~2  Mac.4 CIpuUs€ YTBOPEHHIO MIIHHUX

ajcopOUiifiHMX mapiB 3  MIHIMAIbHOI  KiJIBKICTIO

HACKpI3HUX IOpOXHed. BiIcoTok 3akpuTuX Iip y TakUX
3paskax cknanae 53-54 %, npu 3aranbpHid IX HOPUCTOCTI
83-84 %. [lo TOro X TiIbKK NMPH BUKOpPUCTaHHI 1,8-2
mac.a OIl-10 xoedimienTr Qopmu mip Mae BHCOKe
3gaueHHs ~0,9, B immux Bumagkax K=0,6-0,7, T0o0TO
TIepeBaXkatoTh OCEPEIKN OBAJILHOT 1 TTouTieApuaHOi hopmH,
K1 HaWMEHII MiLHI.

BucHoBkn. Ha migcraBi mpoBeneHHUX TOCTIIKCHD
MOKa3aHo, [0 HaiOULIbII BIOPSIKOBAHY CTPYKTYPY
MaloTh Marepiajid 3 BHKOPUCTAHHSM, SK HAlOBHIOBaya
OKCHIly LIMHKY 1 SK I'a30yTBOPIOBaYa IIEPOKCUIY BOJHIO.
Bcranosneno, mo 3acrocyBaHHs iX y Kinekocti mo 9-10
Mac.4 Ipu BUPOOHUNTBI komno3uliiHux TIM 3abe3neuye
TaKy MBUKICTh BUAUICHHS ra3y i pocTy HEHTpIB Tip, sSKa
nopiBHsiHHAa 13 mpouecoM otBepmkenHss PCK, mio
JIO3BOJIAE OTPHMATH MaTepiaid 3 BHCOKONOPU30BAHOIO
83-84 %), npiGHOMOPHCTOIO

(3arambHa  MOPHUCTICTH
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(monepeunuit  miamerp mip 0,5-0,6 MM), 1IOCTaTHBO

3aKpUTONOPHUCTOI0 (DOt 3akputux mmip 53-54 %) Ta

OJTHODITHOIO (cTymiHb HEO/IHOPITHOCTI 8-9 %)

cTpykTypoto. Bukopucrannas ITAP OII-10, y kimekocti

1,8-2 mac.u, m03BOJIsAE CTAOITI3yBaTH CIYYCHY CHUCTEMY

1o

MoMmeHTy ii otBepmkeHHA. Crtpykrypa TIM, sxa

yTBOpIO€ThCsl npu  nanomy ckiagi PCK  3abecneuye

BHCOKI  TETJIOI30JAMiMHI  BIIACTHBOCTI  BUPOOIB 3

koedirienTom termopoimHocti 0,05-0,055 Bt/M'K, 1o

3a[I0BOJIbHSIE BUMOTAM [I0 TETUIO30JAIIHHNX MaTepiais.
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JIL.B. ®IPCYHIHA, BM. AXMETOBA, 1.I'3E3EKAJIO

IMPOBJIEMHU 3AKOJIOHHUX ITEPETOKIB B CBEPJJIOBUHAX 3 BIYHUMHU CTOBBYPAMU
TA TOPU30HTAJIBHUM BUBOEM

VY crarTi NpoaHani30BaHO OCHOBHI NPUYHHH (IIOIXONPOSBIB, SKi BUHUKAIOTH B CBEP/UIOBHHAX 3 OIYHUMH CTOBOYpaMH Ta TOPU30HTAILHHM BHOOEM
Ha CTajil CIOpYMKEHHS 1 NpU eKcIUlyaramii CBepUIOBHH. BcrTaHoBieHO, mo (umoinonposiBi OOyMOBJICHI B OCHOBHOMY KOHCTPYKTHBHHMH
0COOIMBOCTSIMU TaKHX CBEpATIOBUH. HassBHICTH 3aKOJIOHHHX 1 MIXKIIACTOBUX IIEPETOKIB, B pa3i HEBUACHOTO BHUSBIICHHS 1 JIKBifamii, MOJke IPH3BECTH
10 BUKHUJIB, aBapiif i MacIITAOHUX eKOJIOTiYHHX KaTacTpod. [IpuanHoio GiIbIIOCT] yCKIIaJHEHb Ha eTarnax OyAiBHUITBA Ta eKCILTyaTallii CBepATIOBUH
€ TiApaBIIiYHUH 3B’S30K PO3KPUTUX OypiHHAM (IIOINOHACHYEHHX IUIACTIB 3i CTOBOYpPOM, SIKHH CYNPOBOJKYE BCI HACTYIHI IEpiofy eKCILTyaTamii
cBEepUIOBHH. [yl BHpIIICHHS JaHOTO 3aBJaHHS HEOOXiJHE NPOBEICHHS PEMOHTHO—I30JLILIIHMX pOOIT 3 JiKBimamii 3aKOJIOHHUX IIEPETOKIB Ha
CBEP/UIOBHHAX 3 TOPH30HTAIGHUMH JAUITHKAaMHA 3 BHKOPHCTaHHSM OJNOKYIOUMX PpiAMH I8 THMYacoBOi i3oysmii mepdopoBaHOi dYacTHHH
eKCIUTyaTallifHOi KOJOHW. 3alpOIOHOBaHI TEXHOJOTIYHI pIlIEHHS 3 JHKBinamii MiDKKOJIOHHHX IEPeTOKIiB NUIIXOM 3aKadyBaHHS OJOKYIOUHX
TaMIIOHYIOUUX CKJIAJIB y iHTepBald IEpeTiKaHHsS PiIVH YM ra3iB, BCTAHOBIECHHSAM BiJICIKAIOYMX MOCTIB IJIS 3aXHCTYy IPOXYKTHBHHX IUIACTIB BiJ
TaMIIOHQ)XKHOTO Marepiany; MPOBEJEHHSAM i30JILIHUX pOOIT depe3 BEpPXHIO YacTHHY 30HH Iepdoparii. ABTOpaMH 3alpOIIOHOBAHO aKTyaJIbHi
HaNpsIMKA PO3BHTKY iCHYIOUHMX TEXHOJOTiH i30J1Iii, 3 BpaxyBaHHSAM OCOOJMBOCTEH INPOBENCHHS DPOOIT Y TOPU30HTAIGHHX CBEPIJIOBHHAX, B
KOHCTPYKIIT SKUX BHKOPUCTOBYIOTH HE3aLlEMEHTOBAHI XBOCTOBUKI—(INBTPH 3 BUKOPUCTAHHAM (Di3MKO—XIMIYHUX Ta MeXaHIUHUX pimeHs. [Tinibpana
TEXHOJIOTIsT 1 MaTepiaqM NOBHHHI 3a0e3NedyBaTH 3allOBHEHHS CKJIAJOM BCHOTO IOPHCTOTO CEpENOBUINA 1 KaHANIB y CBEPIJIOBHHI Ta
MIPUCBEP UIOBHHHIN JIISHII TIPCEKHUX HOPiJ, @ TAKOXK ONTHUMAJIbHE CTPYKTYPOYTBOPEHHS CKJIay B TEXHOJIOTTYHO MPUHHSTHI TEPMiHH.

KuiouoBi ci10Ba: cBepUIOBHHA; TOPU30HTAIEHHI BUOiH; 3aK0IOHHE IIepeTiKaHHs; OJOKYIOUHIT TAMITOHa)KHUH CKIIaJ, 130JTI0I0UHI PO3UHH.

JL.B. DPUPCYHHUHA, B.M. AXMETOBA, .I'. 3E3EKAJIO

IMPOBJIEMBI 3AKOJIOHHBIX ITEPETOKOB B CKBA’KMHAX C BOKOBBIMU CTBOJIAMUA
N I'OPU3OHTAJIBHBIM 3ABOEM

B craTbe npoaHaIM3MPOBAHBI OCHOBHBIE MPHYUHBI (IFOMIONPOSBICHUH, KOTOPHIC BO3HHKAIOT B CKBA)KMHAX C OOKOBBIMH CTBONAMH H
TOPH30HTAIBHBIM 3a00€M Ha CTaJuu CTPOMTENbCTBA H IIPU IKCILUTyaTallMM CKBAXXMUH. YCTaHOBIEGHO, YTO (IIOMAONPOSBICHUS OOYCIOBIECHBI B
OCHOBHOM KOHCTPYKTHBHBIMH OCOOECHHOCTSIMU TaKHMX CKBa)XHH. Hanuume 3aKOMOHHBIX M MEXKIUIACTOBBIX IEPETOKOB, B CIIydae HECBOSBPEMEHHOI'O
BBIBIICHHS U JMKBHIAIMH, MOXKET HNPHBECTH K BBIOpOCAaM, aBapusAM M MAcCIITaOHBIM JKOJIOTHUECKHM KaTtacTpodam. IlpuumHoil GompmiMHCTBa
OCJIO)KHEHHH Ha dTalaX CTPOUTENbCTBA U AKCIUIyaTal[MU CKBA)KHH SIBIIIETCS] THAPABIMYECKAs CBSI3b PACKPBHITBIX OypeHHeM (DII0MIOHACHIIEHHBIX
IUIACTOB CO CTBOJIOM, KOTOPBIH CONPOBOXKIAET BCE MOCHEAyIOIINe MepUOAbl IKCILTyaTallud CKBaXKUH. JIJIs pelneHus JaHHOW 3a1ayd HEOOXOIHMO
MPOBEJICHHE PEMOHTHO-M30/SIIHOHHBIX pab0T MO JHKBUAALUM 3aKOMOHHBIX IIEPETOKOB HAa CKBAXUHAX C TOPH3OHTANBHBIMHM yJ4acTKaMH C
HCTIONB30BaHUEM ONOKUPYIONIMX XKUAKOCTEH U BpeMEHHOH M30JIMH NephOopHPOBAHHOIN YacTH HKCILTyaTAHOHHOM KOIOHHBIL IIpemnokeHHbIe
TEXHOJOTHIECKHE PelIeHHs M0 JTUKBUIAIMH MEKKOIOHHBIX MEPETOKOB IMyTeM 3aKauK{ ONOKUPYIOUIMX TAMIIOHHPYIOUIMX COCTABOB B HMHTEPBAJbI
NepeTeKaHusl JKUIKOCTeH WM Ta30B, YCTAHOBJICHHEM OTCEKAIOIIMX MOCTOB I 3aIlUThl MPOAYKTHBHBIX IIACTOB OT TAMIOHA)KHOTO MaTepuana;
IIPOBEJICHHEM H30JIMOHHBIX PpabOT uepe3 BEPXHIOI0 4acTh 30HBI mepdopaiuu. ABTOPaMM IIPEIIOXKEHbl aKTyalbHblE HAIPABICHUsS Pa3BUTHUS
CYIECTBYIOIIUX TEXHOJOTMI M3OJAIMHU, C Y4EeTOM OCOOEHHOCTeH NMpOBeAeHUs PaboT B TOPH3OHTANBHBIX CKBAKUHAX, B KOHCTPYKIUH KOTOPBIX
HCTIONB3YIOTCS HEe3alleMEeHTHPOBAHHBIE XBOCTOBUKU—(UIBTPEI C UCIIONB30BaHHEM (HH3MKO—XMMUYECKUX M MeXaHHuecKHxX pemenuil. [Tonobpannas
TEXHOJIOTHsI U MaTepHabl JOJDKHBI 00eCIIeunBaTh 3aIll0JHEHHE COCTABOM BCeil MOPUCTOI cpesibl U KaHAJIOB B CKBAXXHMHE M NMIPUCKBAKHMHHON 0071acTH
TOPHBIX IIOPOJ, & TAKXKE ONTHMAIBHOE CTPYKTypoOoOpa3oBaHHE COCTaBa B TEXHOIOTHYECCKH IIPUEMIIEMbIE CPOKH.

Ki1ioueBble cjioBa: CKBaXXMHA; TOPHU30HTAIIBHBIH 32001 ; 3aKOJIOHHBIN MEPETOK; OIOKUPYIOUINH TAMIIOHAKHBIH COCTaB, U30JIMPYIOLINI PacTBOP.

L.V. FIRSUNINA, V.M. AKHMETOVA, |.H. ZEZEKALO

COLUMN OVERFLOWS IN WELLS WITH SIDE SHAFTS AND HORIZONTAL BOTTOM
PROBLEMS

The article analyzes the main causes of fluid manifestations that occur in wells with side shafts and horizontal bottom at the stage of construction and
operation of wells. It is established that the fluid manifestations are mainly due to the design features of such wells. The presence of overflow and
interstratal overflows, in case of untimely detection and liquidation, can lead to emissions, accidents and large—scale environmental disasters. The
cause of most complications at the stages of construction and operation of wells is the hydraulic connection of the drilled fluid—saturated formations
with the wellbore, which accompanies all subsequent periods of well operation. To solve this problem, it is necessary to carry out repair and
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insulation works to eliminate overflow flows in wells with horizontal sections using blocking fluids for temporary insulation of the perforated part of
the production string. Technological solutions for the elimination of intercolumn flows by pumping blocking tamponing compositions in the intervals
of flow of liquids or gases, the installation of cut—off bridges to protect the productive layers from the cement material; carrying out insulation work
through the upper part of the perforation zone. The authors propose the current directions of development of existing insulation technologies, taking
into account the peculiarities of work in horizontal wells, in the construction of which use non—cemented shank—filters using physico—chemical and
mechanical solutions. The selected technology and materials should ensure the filling of the entire porous medium and channels in the well and

downhole section of rocks, as well as the optimal structure of the composition in a technologically acceptable time.
Keywords: well; horizontal bottom; overflows; blocking compound, insulating solution.

Crane HapomryBaHHA BHIOOYTKY HAQTH Ta Ta3y Ha

pomoBHIax YKpaiHH, OCOOJUBO B OCTaHHI POKH,
BiOYBa€THCS 32 PAXyHOK YHOCKOHAICHHS TPATUIIHHUX 1
BIIPOBAPKCHHS HOBHMX METOJIB BIUIMBY Ha IPUBUOIHHY
30HY BHIOOYBHUX CBepToBHH [1, 2, 3, 4].

Ha mowarok 2020 poxy BumpoOyBaHo monax 150
TEXHOJIOTiH, 3 AKUX HaHOUThII €(PEeKTHBHUMHU BHSBHIICS:
3aKiH4yBaHHS CBEPAJIOBUH ropu3oHTaibHUM BrOoeM (I'C,
BI'C),

po3puBu 1aacta (I'PII).

OIl3 XiMIiYHIMH METOIAMH Ta TiApaBIivHi
OOcsr  3aCTOCYBaHHSI IIMX
METOJIB BiJ] 3aTalbHOTO OOCSTY BIIJIMBY Ha IUIACTH CKJIaB
70 %, cepenHiii TexHONOTiUHMK e(eKT y MOPIBHSHHI 3
IHITUMH METOJaMH 3pic ORI HiX B 7,5 pas3is.

Pa3oM 3 TuM, mOpiYHE 3pOCTaHHS B Ail04OMY (OHI
ceepmioBuH ['C 1 BI'C moctaBuB nepes mpoMUCIOBHKAMUA
pAI CKIaAHUX TEXHIYHMX 3a/a4 3 IX eKCIUIyaTamii, 1o
MOTpeOyIoTh CBOTO BHpimeHHS. J[o mepmodeproBux 3
HHX 13011

BITHOCATBCSI  POOOTH 3 3aKOJIOHHUX

MEPeTOKiB 1 MUISHOK MPOPUBY IUIACTOBHX BOA IO

TOPU30HTAJIBHUX BHOOIB. Y Takoro THITy CBEpAJIOBHHAX

OUTBIIICTh TEXHOJIOTIYHUX OIepamill yCKIaJHEHO MaluM
niamerpoMm xBoctoBuKa (st BI'C), Benmukoo DOBXUHOIO
TOPH30HTAIFHOTO BHOOIO Ta mepdopoBaHoro (imbTpa,
TMIOJIOXKEHHSIM IIIOJI0 TOPU30HTAIILHOTO CTOBOYpa AISIHKA
MIPUIUIABY BOIH Ta KOHCTPYKIIi€I0 BUOOTO.

HasiBHICTD 3aKOJIOHHHMX 1 MIXIIJTACTOBUX HEPETOKIB,

B pa3i HEBUACHOTO BWABICHHA 1 JiKBijamii, Moxe
MpU3BECTH JO BHKHIIB, aBapii 1 MacmTaOHUX
eKoNoTiYHMX  KaTtactpod. Ha BupimeHHS THTaHB

YCYHEHHSI HACJI/IKIB HEOOXiAHO OyJe BUTPATHTH 3HAUHY
KUTBKICTh 9acy 1 KOIITIB, a iHKOJIX IIe MOXKE TPUBECTH 0
TIOBHOI JIiKBiauii cBepyioBuHHA. HanpsMok JOCIiIKeHHS
1 PO3BHTKY TEXHOJOTIH IKBimamii 3aKOJIOHHHX 1 MiX-
IUTACTOBHX TMEPETOKIB € HaJA3BUYAWHO BaXKJIUBUM 1
MIEPCIICKTHBHIM.

B pobGori po3risHyTa  TEXHONOTIS  130JIAIi
3aKOJIOHHHX TIEPETOKIB B CBEPUIOBHHAX 3 OIYHIMH
CTOBOypaMH Ta TOPH30HTAIbHHUM BHOOEM. OCHOBHI
CyJacHi YSBICHHS NP0 MPHUYNHA (IIFOIiNOMPOSBICHb B

CBEPIJIOBMHAX HABEACHO HaA pHC. 1.

Tprraumm ¢uroigonpossis y mpoueci
CTIOPYIKEHHA CBEPIIOBHH

f f BIIACTHBOCTL Y ( .. )
. e [WIACTH 3 AHOMAJIBHO e BLIMOBH ITaxep-
bimrpariiini i HA3EKUMH i BHOGiHi TIPOMHBHIX npHCTPOiB, rPamicHT
MiIHICHI BIACTHBOCTI ' OMATBHO IepermiambHi PLIEH 1 THCKIB Mj’m pisHo-
TipChKHX MOPiT THCKH TaMIIOHAKHOTO .
BHCOKHMMH THCKAMI HaNiPHMMH [IIACTAMHE
L ! | L posmmrmmem ) L I )
( MOTIAHAHHS Y ( ) N /7 \
p— MOTIAHAHHA, .
HPOMHBHHX ra30Ha(TO-BOAONPOSABI SAKOJIOHHL, MIKTIIACTORI i
TAMIOHAKHIX X 2 MiKIIAcTOBI .
PO3MHHIB, TiPOPO3PUE MDKILTACTORL 1 —— 3aKOIIOHHI IIEPETOKH
X .
. . 3aKOJIOHHI IEPETOKH
\  ripcekmx mopim ) | J \ /J \ o

Pucynok 1 — CyuacHi ysBICHHS PO IPUYUHH (ITIOTIONPOSBICHD B CBEPNIOBUHAX

Takum 9YWHOM, TpHYUHH  (IFOIIONPOSBIB €
HAaCJTIIKOM TIPOIIECiB, MO BimOyBarOThC, abo (aKkTopom
HETaTUBHOTO BIUIMBY Ha TEXHOJIOTIYHI OTeparii, o
MIPU3BOANTE JI0 MOPYIICHb TEXHOJIOTIT POOIT 1 3HIDKEHHS
X KiHIIEBHUX MOKa3HUKIB [5, 6, 7].
ToMy BHSBJICHHS MPWYUH, 0 BHHHUKAIOTh B
TEXHOJIOTIYHHAX TpOoIecax € KIFYOBHM 3aBIAHHSAM IIPH
BHpIMIEHHI MPOOJeM 3aKOJOHHHUX IEPETOKIB B CBEPIUIO-

BUHAX 3 OIYHUMHM CTOBOypaMH Ta TOPU3OHTAILHUM

AHaii3 OomyONiKOBaHMX JaHHWX IIOKa3ye, MO Bij
10% gm0 60 % ¢oHOy CBEpIOBHH HA PI3HUX T'a30BHX
POIIOBHIIIAX CBITY MAalOTh 3aKOJIOHHI Ta MIXKIUIACTOBI
MEPETOKH.

AHaNITHYHI JOCIIPKEHHS Ta y3aralbHEHHS MPOMUC-
JIOBOTO JIOCBiAy IMOKa3yIOTh, MIO0 MPHYWHOK OUTBIIOCTI
YCKJIAIHEHb Ha eTamax OyMiBHUITBA Ta CKCILTyaTarlii
CBEp/UIOBUH € 3B’ 30K

rizpaBIigHAN PO3KPUTHX

OypiHHAM (uroinoHacCHYeHNX IIIACTiB 31 CTOBOypOM,

BHOOEM. SKUI CYIPOBOJKYE BCi HACTYITHI MEPioau eKCInTyaTarlii
Bicnux Hayionanvrnozo mexuiuno2o ynisepcumemy « XI11»
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CBEpMJIOBUH. B Teopii, MOKa3HMKOM LLOIO KPHUTEPIl0 €
KOE(QII€HT T1APOMPOBIAHOCTI TIACTa, SKHHA BHPAKAETHCS
PIBHSHHSM 1:

R
kh er_m MEMZ

g 2mAP mllac’ 1)
ne  k— koedirieHT MPOHUKHOCTI CepeIOBHIINE,;

h — edexTnBHA TOBIIMHA MACTa;

[ — epeKTHBHA B’ A3KICTP IIIACTOBOTO (PIIIOiNYy;

Q — BuTpara piauHY;

Ry — cepenHiii pagiyc KOHTYpY >KUBJICHHS;

l'es — PaJiyC CBEPIUIOBHHY;

AP — nepenaza TUCKY.

IIpu @i B rigpaBmiYHO3B’s3aHIA  cHUCTEMI
«CBEpAJIOBHHA — N IIACTiB» OU(EpEHIialbHIX THUCKIB
(penpecis, nenpecis) y Hill BiIOyBalOThCS HECTalliOHAPHI
MPOIIECH TigPOAWHAMIYHOI B3a€MOIil, HACIIIKOM SKUX 1
CTalOTh PI3HOTO PpOJYy YCKNIaJAHEHHs (NOTJIMHAHHS,
TiIPOPO3PHB TiIPCHKHUX TOPiM, MIKIUIACTOBI Ta 3aKOJOHHI
MIEPETOKH, ra3oHaTOBOJIONIPOSIBH, KaBepHO- i
00BaJIOYTBOPEHHS i T. [I.), IO MOPYIIYIOTH TEXHOJIOTIIO Ta
3HUXKYIOTh TIOKA3HUKH 1X SKOCTI Ta e()eKTUBHOCTI [6, 7]. 3
I[bOTO HE CKJIAJHO 3pOOWTH BHCHOBOK, IO OCHOBHHUM
3aBJIaHHAM ITIBUILECHHS SIKOCTI eKCIuTyaTamii
CBEPUIOBHUH, € pO3p0oOKa TEXHOIOTiH 130JMii cTOBOYpa,
MIOYMHAIOYN 3 KOMIUIEKCY pOOIT, IO PO3KPHUBAIOTHCS
OypiHHSAM (IIOIIOHACHYCHHUX IUIACTIB, B IIHPOKOMY
Jiana3oHi 3MiHM 1X QiIbTpaiiiHUX XapaKTePUCTHK.

Hakonmuennit  nocBin mokasye, 1o B yMOBax

eKcIuTyataiii CBepJIOBHH JOBIOCTPOKOBA  130JIAIIis

WiacTiB  Big  cToBOypa  (KpiM  TPOAYKTHBHHX),

MOTIepe KA MIKIUIACTOBI TIEPETOKK Ta TPOPHUB BOJIHU

mo  ¢dimpTpa, po3mmproe  00NACTh  EKCILTyaTamii
CBEpMJIOBUH  BIIKPUTHM BHOOEM, JOCKOHAJIMM 32
XapakTepoM 1 CTYHNEHEM pO3KpHUTTS, 3abesneuye
riIpOJUHAMIYHI ~ ONTUMAaJbHI ~ YMOBH  BHJOOYTKY
BYTJIEBOMHIB, a Takoxx OI13, PIP, M3H.

TakuM  YMHOM, BJOCKOHAJEHHS  I30JIALIHHUX
TEXHOJIOTiH, IO YyCyBalOTh NPUYMHY HETaTHBHHUX

HACJTIIKIB TIpY OYAIBHUIITBI Ta €KCILTyaTallii CBepJIOBUH,
€ OJTHAM 3 HalOUIbII MPIOPUTETHUX HANPSIMKIB HAYKOBO—
TeXHIYHUX JOCTIDKEHb 1 PO3pOOOK M0N0 IiABHUIIEHHS
e(eKTUBHOCTI eKCIuTyaTalii CBEpAJIOBUH, O0COOIMBO Ha
pPOJIOBHIAX, SKi HepelInIM B Mi3HIO Ta 3aBEPIIAIbHY
cTafii po3poOku.

BuHUKHEHHS 3aKOJIOHHHX TIEPETOKIB B OiUHHX
cToBOYpax OOYMOBIICHO iX KOHCTPYKUi€I (AWB. puC. 2).
[leperikanust  pigmam  BigOyBaeTbcsI 3 BHIIOTO
BOJIOHACHYEHOTO IUIacTa B3JIOBXK APYroro CToBOypa Ta
yepe3 QiIbTPOBY YaCTHHA HAJIXOJUTh B CBEPJIOBUHY.

Haii6upin  nommpennit  2-  THI  KOHCTPYKUIH

XBOCTOBHKIB OOKOBUX CTOBOYpIB [2, 3].

[epmmii BapianT (puc. 2) € XBOCTOBHKOM, IO
CKJIaJIa€ThCs 3 TIAPaBIIYHOT MiNBICKHM, 00CamgHUX TpPYO,
nepdopoBaHOro MaTpyoOKa, EMEHTYBALHOI MAaH)XETH Ta
¢buIBTpIB.

Jpyruii BapiaHT — XBOCTOBUK IMiABIIIYEThCS Ha
Hiflo II. B
XBOCTOBHMKAa BXOIUTb 3aKOJIOHHMM HaAyBHUH IaKkep

TiIpaBIMivYHIA  MigBiCI KOMITOHOBKY
CMXX—4, sxuil Biakiaroyae (GUIBTP, IO 3aJIMIIAETHCS
BIAKPHTHM JUI LEMEHTHOTO PO3YMHY Ta 3aKauyeThCH
LEMEHTYBaJbHy My(dTy (BCTaHOBIICHY

4epes HaJ

3aKOJIOHHMM TIAKepOM), B pasi, KOJIH MPOBOIUTHCS
neMeHTyBaHHA. SIkmo makep CMXX-4 HecmpaBHuUM, B
MTOBHOMY 00Cs131 po3ayBes abo ioro po3Mmip B pobodoMy
CTaHl € HeJOCTaTHI Ui €(EeKTHBHOIO IEPEKPHUTTS
cTOBOypa CBEpAJIOBHHHU, CTBOPIOIOTHCS MEPEIYMOBH O
BUHHMKHEHHS IIEPETOKIB pIJUHM Ta ra3dy B IHTepBali
MIPOXYKTUBHOTO IUIACTA.

OcHOBHHUI1 cmoOCiO, SKHIA 3aCTOCOBYETHCS IS
JMKBigaIii 3aKOJIOHHHX MEPETOKIB B CBEPUIOBHHI — II€
3aKauyBaHHS TAMIIOHYIOYMX CKJIaAiB B  IHTEpBal
neperikanHs. [IpoBeneHHS UX poOIT BUMarae, B OJHOMY
BUIAJKy, BCTAHOBJICHHS BiJCIKalOYOTr0 LIEMEHTHOro abo
IAaHOTO MOCTA AJIS 3aXUCTy NMPOAYKTHBHUX IUIACTIB BiJ
TaMIIOHA)KHOTO Marepiany Ta mnepdopaiii cremiagbHuX
OTBOpIB, B IHIIOMY BHITAJKy — IIPOBEACHHS 130JISAIIHHUX
POOIT Yepe3 BEPXHIO YacTUHY 30HH nepdopariii.

I[Ipu mnpoBeneHHi poOIT HAa CBEPAJIOBHHAX 3
TOPU3OHTAIBHUMH JIJITHKAMU BHOOIO YCTAHOBKa ITillla-
HUX a00 IEMEHTHHX MOCTIB yCKJIaJHEHa KOHCTPYKIII€IO
CBEP/IIOBHHH, 10 TMEPEIIKOKAE YTBOPEHHIO CYIIJILHOT
npoOku. [l BHpILIEHHS AAaHOTO 3aBIAHHS MOXKIMBE

NPOBEACHHS PEMOHTHO—130JSIIIHHUX POOIT 3 JiKBimarii

3aKO0JIOHHHUX MEPETOKIB Ha CBEp/IJIOBHHAX 3
FOPU3OHTAIBHUMU  JUITHKAMH 3 BHKOPHCTaHHSIM
OJIOKYIOYHX piauH bi6) 01 TUMYACOBOT 13071

neppopoBaHOi HACTUHH EKCILTyaTalliiHOT KOJIOHH.

PiguHa, 1m0  3acTOCOBYeTbCs  Juid  OJOKaan
nepdpopoBaHoi (He o00camKkeHoi) NPOAYKTUBHOI 30HU
TOPU30HTAJILHOI UISHKK CTOBOYpa CBEPUIOBHHH HA 4ac
MIPOBEACHHS 130JAMIMHNX pOOIT, MTOBUHHA:

— MO€AHYBATHCS 3 IJIACTOBUMH (UIIOiaMH, a TaKOX
po3UMHAMH Ta  TEXHOJIOTIYHHMH  DPiIMHAMH,  SKi
3aCTOCOBYIOThCS IIPH ITPOBEJCHHI PEMOHTY CBEP/UIOBHHH;

—MaTh  HHU3BKY  (impTpamito, 3abe3medyroun
30epeKeHHST KOJICKTOPCHKUX BJIACTHBOCTEH OJIOKOBAHOT
YAaCTHHU IUIACTA;

—3abe3mevyyBaTd  HaAiWHUH Tyck B poboTry
BiJI[PEMOHTOBaHOI CBEP/UIOBHHH;

CBOI

— 30epiratu rapaMeTpu HpOTArOM  Hacy,

HEOOX1HOTO JJIs TPOBEACHHS 130JIAIHHUX POOIT;
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— MaTH peryJibOBaHHUH 1epioJl po3nany;
— HEoOXiIHy B’S3KiCTh, MO0 3a0€3MeYNTH HAaJCKHE
il npokavyyBaHHs yepe3 THY4Ky TpyOy.

Pucynok 2 — KoHCTpyKIis cCBepATIOBUHH 3 OOKOBUM CTOBOYPOM
NPY BUKOPUCTAHHI 3aKOJIOHHOTO IaKepy abo MaHXETHOTO
LIEMCHTYBaHHS:

1 — o6canna xonoHa; 2 — miasicka HKT; 3 — miiika amanrepa; 4 —
MiABICHUI NaKep; 5— BigxuioBad; 6 — 6okoBuii cToBOYp; 7 —
IeMEHTyBaJIbHa My(hTa ab6o nepdopoBanuii matpyook; 8 —
HaxyBHUI 3akonoHHUH makep CMXX—4 abo nemeHTyBainbHa
Mamxkera; 9 — pinpTp

KpiMm TOro, mpuroryBaHHs OJIOKYO4YOI pinuHH Mae
OyTH TEXHOJIOTIYHUM.

JlaHuM BUMOTraMm BIiJOBIIAIOTH HACTYIHI PIAMHH
TITYIIHHS Ta TiAPOPO3PUBY:

— PO3YMHHU TJYIIHHS Ha BYIJICBOJAHEBIH OCHOBI
(imBepTHI emynbcii) Tuny Witer (I'eociHe3 iHXHHIPHHT),
VersaPro (Schlumberger).

—rigpopodbHO—emynbciitHi  posunman (I'EP) 0Oe3

TBEPJIOT0 o0OBaKHIOBaYa 3 T'YCTHHOIO JI0
1160 kr/m® Ta 3 00BaXKHIOBAYaMHU;

— pO3YMHHM TIYIIiHHSA Ha BOAHINA ocHOBi — FloThru,
DiPro (Schlumberger).

Jnist TynniHHSA CBEp/JIOBMH 3 IUIACTOBHM THCKOM
OipIIMM 32 TiAPOCTaTHYHMH THCK 3 PO3YMHIB Ha
BYTJICBOAHEBIN OCHOBI MO>KHa YCHIITHO
BUKOPHCTOBYBATH BalHAHO—OiTYMHI po3unuu (BBP).

Jnst TayuiiHHA CBEpAJIOBMH, IO NpU3HAYEHE He
TUIBKWA JUIl 3allOBHEHHS CBEpAJIOBMHM, ane W Juis
OUYHNIIEHHS NPUBUOIHHOI 30HH, 3aCTOCOBYIOTH DPO3YHH
TPHUETaHOIAMOHIEBOT COJII KYOOBHX 3aJIMIIKIB >KUPHHUX
kucnot y gotupuxiaopucromy Byrierni CCly. Lsg pinuna
Mae T'yCTHHHU B Mexax 1420-1490 kr/m®,

Ckmagu Ta mapamMeTpy i30JI0KYMX PO3UYHMHIB, SKi
3aCTOCOBYIOTh IICJIS TIIYIIHHSA CBEpAJIOBHH, Di3HI Ta
iAOMPATOTHCS 11 KOHKPETHUX YMOB iHAWBITyanpHO [12,

13, 14, 15].

Takok, sK MOXJIUBUN BapiaHt, UId 130T
(mikBimamii) MIKKOJIOHHHX MHEpeTOKiB HaOyTu 3HAYHOTO
LIEMEHTHI TaMIIOHAXKHI

BUKOPUCTAHHSA PO3YMHU.

3acTocyBaHHS IIEMCHTHOTO PpO3YMHY HE  3aBXKAH
e(eKTUBHO uepe3 HOoro HU3bKY NMPOHUKAIOYY 3JaTHICTB.
Bracmigok #oro BHCOKOI BOJOBIigadi, Ha KOHTAKTI 3
oposoro GopMyeThCs IMUIBHUKA (iNbTpaliiHui map, a
Ha TIOBEPXHi i30JIbOBAHUX KaHATIB HAPOIIYETHCS «KipKay»
3 rpyoux

MOJATBIIOMY

YacCcTOK LHEMCHTY, 1o NEPCHIKOIKAE

3alIOBHCHHS  130JIbOBAHMX  KaHAIB
LIEMCHTHUM PO3YHHOM, HABITh TP BUCOKOMY TUCKY. JlJist
MiABUIEHHS €(QEeKTHBHOCTI MPOBEACHHS 130JIIHHUX
poOIT MOTPIOHO 3acCTOCYBaHHSA IIEMCHTHUX PO3YHUHIB 3
HU3BKOIO BOJIOBIIIAYEL0, peryjibOBaHUM  4acoM
reJIeyTBOPEHHsI TpH 3YIHMHII HOro 3akauyBaHHS Ta 3
BiJIHOBJICHHSIM PYXJIMBOCTI MPH TIOHOBJICHHI TPO/IABKH.

Mmarepianu, 3a IpHi-
120-150 m*/c,

MOXKIIUBE 3aCTOCYBAHHSI BHCOKOIPOHHKHHX 130JISILIIHHUX

[MomimepHi  i30msAIiiiHI

MaJIBHOCTI IHTEpBaNy 130JMii MEHIIe
pO3YMHIB Ha OCHOBI MOJIMepiB, KPEeMHIHOPTaHITHIX
MatepianiB rpymu AKOP, BOAOPO3YMHHUX CKJIAliB THITY
BTC. Hani cymimi 9acTo BHKOPHCTOBYIOTHCS Mix dHac
i30J1s111ii 3aKOJIOHHHUX TEPETOKIB B MOXMUIO—CKEPOBAHMX
CBEpUIOBHHAX.

Tammnonaxxui Marepianu rpynu AKOP He BonofiroTs
BHCOKMMH TIOKa3HHKaMHU MIIHOCTi, TOMY TIPH JiKBiJgarii
3aKOJIOHHHMX IEPETOKIB Ta BEJIMKOMY PO3KPHUTTI TPIlIMH
MOTPiOHO X JOKPITUTIOBATH IEMEHTOM.

Takoxk U1 mpoBelneHHs — pobiT 3 130wl
3aKOJIOHHHX IIEPETOKIB MOXJIMBE 3aCTOCYBAaHHS IHIIHMX
OCHOBI  ETHJICHIIIKATY,

CKJIAQAIB: KOMIO3UIIH Ha

BUHOTPaIHOI KHCIOTH, XJIOPHAY KalbLilo, Ha OCHOBI
HOJIBIHUIOBOTO CcOHUPTY Ta TigpodoOHOI0 KpeMHil—
OpTaHIYHOI PiAWHMU.

EdekTuBHiCTh 3aCTOCYBaHHSI YCTaHOBOK B IIpOIECi
MPOBEICHHS PEeMOHTHO—i30oMsAMiiHNX pobit (PIP) B
CBEp/IJIOBHHAX 3 OIYHUMHM CTOBOYpPaMU CKJIaa€ThCs 3:

— IPOBENICHHS PEMOHTHO—I30JMLIHHUX poOIT B
0iyHMX CTOBOypax Majoro aiaMeTpy, A€ 3aCTOCYBaHHS

TPaAULIHHOTO METOIY KaIiTaibHOTO PEMOHTY
CBEP/UIOBHH CKJIaTHO 200 HEMOJKIINBO;
— IPOBEJICHHSI ~ TEXHOJIOTIYHUX  OMepalii  mpu

HAJIMIPHOMY THCKY Ha THPJIi CBEP/IOBUHH;

— 3HA4YHOI'O CKOPOYCHHHA qacy PEMOHTY B

MOpIBHAHHI 3 TPAaTUIHAM KaIliTAJIBHUM DPEMOHTOM
CBEP/UIOBHH.

KpiMm TOrO, BHKOPHCTaHHS B SIKOCTi OJIOKYIOUHX
eKpaHiB MATO(UIBTPYIOUNX T'eJIEBUX CKJIAJiB, 3AaTHUX IO
3aKiHYEHHIO TI€BHOTO MPOMDKKY dYacy TIEpexoquTH B
pinky ¢asy, mo3Boisie 30eperTH KOJEKTOPCHbKI BIIAcTH-

BOCTI TJIACTA 1, IK HACTIAOK, BUCOKWH Te0IT CBEPIIOBHH.
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[Ipu BuCOKiH TeXHOJIOTIUHIM ePEKTHBHOCTI METOIY
po3pobku HadTOrazoBHX OaraTomapoBHX IOKIALIB, 3
TOPU30HTAILHOI KOHCTPYKINE€I0 BHOOK, EKCILTyaTallis
TaKAX CBEPAJIOBHH 4Yepe3 BEIHWKY MHPOTKHICTE BHOOIO
icToTHO ycknanHioeTbes npu PIP, OI13 1 ocobanBo Bomo—
Ta Ta30i30MAMiENX onepamisx [2, 3, 10, 11].

AHai3 myOJiKariif i TaTeHTHE ONPAIOBAHHS 3 IIi€i
MpoOJIeMaTHKN JO3BOJISIFOTH 3pOOWTH BHCHOBOK, IO IO
TENEepilIHbOro0 4acy B HiH Tamy3l NPaKTUYHO BiJCYTHI
e(heKTHBHI TEXHOJOTIl Ta TeXHIYHI pimeHHA. Tomy, mpu
NIPOPHUBAX Ta3y Ta BOJIYU CBEPAJIOBUHU 3 TOPU3OHTAIBLHUM
BHOOEM 3YNHHAIOTH Ha TPUBANWH Tepion abo MepeBoaiTh
B KOHcepBalliwo [2, 3].

Ha edextuBHicTs (IrOIN0I30MAMIHANK pOOIT, KpiM
iHIIUX (DAaKTOPIB, ICTOTHO BIUIMBA€ KOHCTPYKIisS BHOOIO.
B VYkpaiHi 3HaxXoIiTh  3aCTOCYBaHHS  HACTYIHI
KOHCTPYKIIii TOPH30HTAILHOTO BUOOIO:

— HE3aleMEHTOBAaHUHA XBOCTOBUK—(DIMBTp (IIUTHHO—

o 1I0HUH);

— HE3aIleMEHTOBaHMH  GUIBTp 3 APOTSIHUM
HamoTyBaHHsIM (koHcTpykuii YipAI'PI);

— He3almeMeHTOBaHUH ~ QimpTp 13 30BHIIIHIMH

po3’enHyrounmHu nakepamu (KoHcTpykuii Ykp/II'PI);

— 3alleMEHTOBaHUI Tep(HOPOBaHUIT XBOCTOBHK.
010
obJiafHaHHS JUIS KalliTATEHOTO PEMOHTY TOPH30HTAIBHUX

IMomyk  indopmarii TEXHOJIOTIH  Ta

CBEpJJIOBUH  JIO3BOJIUB  3HAWTH HEBENUKHA  obcsAr

OHy6J'IiKOBaHI/IX MIPpOMHCIIOBHUX, CKCIICPUMCHTAJIbHUX

pobir i mareHTHOi JitepaTypu. HaiiOinemr mikaBi
myOmiKamii po3riIaaaroThCs HIDKYE.

Po3risHeMO [eKijgbKa TEXHOJIOTIYHUX PIlICHb IS
i3ommii  Ta OOpOOKM TOPHU3OHTAIBHOTO  CTOBOypa
CBEP/IOBUHH:

— TEXHOJIOTiS 3 BUKOPUCTAHHSIM IOJIIMEP—TEICBUX
MpoOOK —  MOCTIJOBHICTh  TEXHOJIOTIYHHUX  OTeparlii
IZICHTUYHA BUIIEC PO3TSHYTHX ITaTEHTIB Ta Ma€ Ti caMi
0OMEKECHHS;

— TEXHOJIOTiA BiIKIIOYEHHS OOBOIHEHOI IUISHKH y
BIIKPUTOMY CTOBOYpi CBEp/UIOBHHH 3 YCTAHOBKOIO
HaJTyBHUX TiIpaBIiuyHUX MaKepis [7]

Kommnanis

Schlumberger B [10]

TEXHOJIOTIT moao 00MeXKEHHS BOJOHNPUTOKY B CBEPAIIO-

ONUCY€E  CBOI

BrHaX. CyTHICTh TEXHOJIOTii — YCTaHOBKAa IIEMEHTHHUX
130JIALIHHIX MOCTIB B KUTBIIEBOMY IIPOCTOPI 32 (PLIETPOM.
Ha rayukii xomoni Tpy0 ('HKT) cmoyckarote Ta

BCTAHOBJIIOIOTHL B 3a/IaHOMY iHTepBaﬂi KOJIOHY 3

npopizamu (auB. puc. Ne 3). Uepes nepdopariiitai oTBopu
y inpTpi B 3aKOJOHHMI HPOCTIp 3aKauyeTbCs MEHII
B’S3KMH pPO3YMH Ha OCHOBI IeMeHTy. Bimpazy micis
3aKavqyBaHHS; CXOIUTIOEThCA  0e3

PO34YrH ycaaku,

Ha0yBarOYH MIITHOCTI TEJTIO.

Hanysni
nakepH a)

THKT

CroBoyp
CBep/JIOBHHH

Koona 3 npopizamn

Pucynok 3. — KoHCTpYKIIist TOPH30HTAIBEHOTO BHOOKO:
a —T'HKT, 6 — xonoHa 3 npopizamu

B mitepaTypi 3ycTpidaroThCS TaKOX TEXHOJOTII,
3aCHOBaHI Ha 3aCTOCYBaHHI METaJIeBUX NIEPEKPUBAYIB, ajie
BOHM HE pO3MJINCS, TOMY IO HE BIANOBIJAIOTH
KOHCTPYKIIii TOPH30HTaIBHUX BHOOIB CBEP/UIOBHH.

Ha 3akiHdeHHs BiA3HAYMMO, I110:

— IS 130711111 OKPEMHX IHTEPBAJiB FOPU30HTAIHLHOTO
CcTOBOypa CBEpIJIOBHH, [0 MalOTh 3al[EMEHTOBaHUN
niepopoBaHMii XBOCTOBUK, MOXJIMBE BHKOPUCTAHHS BUIIE
PO3IIIIHYTHX TEXHOJIOTIH;

— g 130iAUil  TOPU3OHTAIBHUX  CTOBOYpIB
CBEP/UIOBHH, II0 MAIOTh HE3al[EMEHTOBAHUH XBOCTOBHK—
¢butbTp, BiACYTHI e(peKTHBHI pO3po0ieH] TexXHOJoTil y
BITYM3HSHINA TPAKTHUIIL Ta 3apyOiKHIN.

Awnamiz  po3rsHyTHMX  iHGOpMALIHHUX  DKepesn
JIO3BOJIMB BIMITUTH HACTYITHI HaNpsIMKA PO3BUTKY ICHY-
IOYMX TEXHOJIOTIM 130Jisilil TOPU3OHTAJIBHUX CBEP/IOBUH
JUTSL KOHCTPYKIIiH CBEPJUIOBHH, IO 3aCTOCOBYIOTh B YKpaiHi
Ta MarOTh HE 3alleMEHTOBAHUH XBOCTOBUK—(IIBTp:

— BUKOPHUCTaHHS OJIOKYIOUUX PiIUH;

— BUKOPUCTaHHS ITaKepP—eJIEMEHTIB;

— BUKOPHUCTaHHS OJIOKYIOUUX PiIUH Ta ITaKepiB.

O BUILlE PO3MVISIHYTHX TEXHOJIOTIH i30uismil Ta
00pOOKH TOPU30HTAILHOIO CTOBOYpa CBEPIUIOBHH, JOCBLT
PIP 3 mikBigarii 3aK0JIOHHUX TEPETOKIB B TOPU3OHTAIBHUX
CBEp/UIOBUHAX TMOKA3aJIM TEPCHEKTUBHICTh BUKOPHUCTAHHS
B’SI3KMX PIIUH I OJOKYBaHHS MPOXYKTHBHOTO IUTacta. Y
TOI yac, B iH(OpMALIHHNX JDKepesax BiJCYTHE MOCHIIAHHS
Ha MOXJIMBICTh  BUKOPHCTaHHS

pimMHM 3 TaKUMHU

TEXHOJIOTTYHMMHM ~ JaHMMH. Tomy Oyna ysarajgbHeHa

iHopmaris 1momo pimuH, SAKi MaTh  (i3UKO—XiMiuHI
BJIACTHBOCTI, OJM3bKiI JI0 BUMOT' PO3POOIECHNX TEXHOJIOTIH
[14, 15]:

— CYMICHICTb 3 IUTACTOBHMH PiANHAMU Ta MOPOJIOI0;

— CYMICHICTB 3 i30JII0I0YIM PO3YHHOM;

— HU3bKY (UIBTpalil0 B NPOAYKTHBHUH IUIacT Ta

30epexeHHs 0ro KOJIEeKTOPCHKHUX BIACTHBOCTEH;
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— BHCOKY CTaTH4HY HAIpyry 3CyBY;

— THKCOTPOIIIIO;

— TepMOCTaOLIBHICTh PiMHHY;

— MOXIIUBICTh TPUBAJIOTO 30epexeHHs OJIOKYIOUHNX
BJIACTHBOCTEH PiJIH Ha MEPiojl PEMOHTY;

— MOXJIUBICTh TECTPYKIii OJOKYIOHUOTO pPO3YHHY
TTicIIs 3aKiHYEHHS PEMOHTY;

— TEXHOJIOTIYHICTh NPUTOTYBaHHSI B YMOBaX KyIla
CBEPJIOBUH.

3rifHO eKCIEePTHUX OIIHOK, PIIMHH TiAPOPO3PHUBY,
10 MAlOTh BHCOKY B’A3KICTh Ta XOPOIIi XapaKTEPUCTHKU
II0JI0 BiTHOBJICHHS MPOHUKHOCTI NPOXYKTUBHOTO IIACTA,
HaWOUIBII MMOBHO BiJNOBIAAIOTH TEXHOJOTIYHIM BUMOTaM
IUIs OJIOKYBAHHS MPOJYKTHBHOTO IUIACTA.

Jlyist 6inbIn OOTPYHTOBAHOIO MiIXOAY IOIO BHOOPY
TaMIOHA)KHUX MaTepialliB 3alpoIIOHOBaHA KiacH]ikaiis
TaMIOHAKHUX  XIMIYHAX PEYOBHH 1  KOMIIO3HIIIH,
3aCHOBaHA Ha (Pi3UKO—XIMIYHUX IMPUHIIMIAX 1X BIUIMBY Ha
CepeNloBHINE, 3 BPAaxyBaHHSAM JHCHEPCHOTO CTaHy Ta

CTPYKTypH B
IIpononoBana

MeXaHi3My (OpMYBaHHI IPOCTOPOBOI

rejeyTBOPIOIOYMX 1 TBEpAMX  Tijax.

knacudikamis BigoOpakae He XiIMigHI 0OCOONHBOCTI
cKiIany, a ioro QyHKIiIOHANBHI MOXJIMBOCTI Ta BKJIIOYAE
YOTHPH OCHOBHI THIIH:

— aJIcCOpOCHTH — XiIMI4HI CIOJIYKH, SIKi BIUIMBAIOTh HA
MTOPOBi 200 1HIII MTOBEPXHI,

— HalOBHIOBAaYl —  HEOpraHi4yHi Ta  OpraHiuHi
CKJIaJIoBi (MTOpPOMIKOMONiOHI) pPi3HOI IHUCIepcHOCTI abo
cycreHsii y BoAHUX ab0 BYTJIEBOJAHEBHX PiIUHAX;

—Te’i— CHCTeMH 3 HeopraHidHol abo opraHi4HOI
TBepa0i (ha3u BUCOKOTO CTYIEHS JAUCIIEPCHOCTI 3 BOJAHUM
200 HE BOIHHUM JAUCTIEPCIHHUM CEepeIOBHUIIEM;

— TBEpAHYYl B’SDKY4i PEUOBHHHM — KOHIIGHTPOBaHI
mucriepcii HEOpraHiYHWX 1 OpraHiYHUX pPEYOBHH Yy
BOJHOMY Ta HE BOJIHOMY JHUCIIEPCIHHMX CepeJoBHILaXx,
o YTBOPIOKOTH Ticos 3aTBEpPIIHHA MIIHY
KOH/JICHCAIll HHO—KPHCTAII3ali i HOIPOCTOPOBY CTPYKTYPY
10 BCHOMY 00’ €My Martepiany.

OOrpyHTOBaHMI BUOiIp TEeXHOJOTII Ta MartepiaiiB
TIOBUHEH 3a0e311euyBaTH 3all0BHEHHS BUKOPHUCTOBYBaHUM
CKJIaJIOM BCHOTO MOPHCTOTO CEPEJOBHINA i KaHAJIB y
CBEpAJIOBHHI Ta IPHUCBEPAJIOBUHHIN AUISHII TipCHKUX
Mopil, a TaKkoX ONTHMAJlbHE CTPYKTYPOYTBOPEHHS
CKJIay B TEXHOJIOTIYHO IPUHUHSATHI TEPMiHH.

Koncrpykiis TOPU30HTAIBLHOTO cToBOYpa
CBEPAJIOBMHU HAKJIAZa€e CBOI crienudiyHi 0coOIMBOCTI Ha
TEXHOJIOTII0 130msmii OKPEMHX iHTEepBaJIiB i
BUKOPHCTOBYBaHI MaTepiaiu:

— BHCOKa NPUUMaIIbHICTh CBEPAJIOBUHH;

— BHCOKA BUTpATa I30JIIIHHUX MaTepiais;

— 30inbireHHs gacy PIP;

— MOXJIMBICTD pO3IIapyBaHHS TEXHOJIOTIYHUX PiANH
B TOPU30HTAIHLHOMY CTOBOYDI;

— HasBHICTh IIEPETOKIB TEXHOJIOTIYHUX PIAMH 3a
(GLTBTPOM Yy TESKAX KOHCTPYKIIAX (PITBTPIB;

— BiICYTHiCTH ~ OONajHaHHA JUIS  IPOMHUBAaHHS
IPOCTOPY 3a QiIbTPOM;
BiIIIPAI[FOBAaHHS

—He npouecy po30yproBaHHS

OEMEHTHHX MNpoOOK 1  BHHECEHHA  IDIaMy 3
TOPU30HTAJILHOTO CTOBOYpa;

— CKJIaIHICTh TIPOBEICHHS JIOBHJIBHHUX 1 aBapiitHMX
poOIT B rOPU30HTAILHOMY CTOBOYpI CBEPJIIOBUHU.

3 BpaxyBaHHSIM BHIICBKa3aHOTO MIOAO i30JIALIIHIX
MarepiangiB MOKHa c(OpPMYIIIOBAaTH HACTYITHI JOJATKOBI
BHMOTH: CYMICHICTP 3 OJIOKYIOUOIO PiIMHOIO, CEIEKTUBHY
JII0 Marepiany, MOXJIMBICTh DPEryJIIOBaHHS 4acy HOro
TeJICyTBOPCHHS Ta OYiKyBaHHS 3aTBEP/iHHS, MOXIIHUBICTh
Horo mnpokadyBaHHS 1O Tpybax Majoro jaiamerpy Ta
HU3bKa BapTICTh 130JAMIHHUX MaTepiais.

BucHoBkn. BukoHaHuii aHami3 JaHUX IOKA3ye, IO
mpoOJieMa 3aKOJIOHHHX 1 MDKIDIACTOBHX MEPETOKIB iCHYE B
OlpIIiN yacTHHI (QOHIY CBEPAJIOBUH Ha PI3HUX POJIOBHILAX
Vkpaiam 1 cBity. Ha  ogaamii d9ac edeKkTHBHOTO
TEXHOJIOTTYHOTO 1 TEXHIYHOTO pIllleHHS He 3HaiieHo, a Ie
NIPU3BOJMTH A0 TOTO, IO TPU INPOPHBAax rasy Ta BOAW,
CBEp/JIOBUHHU JIOBOAWTBLCS 3YIHHATH HAa TPHBAIMN IIepion
abo Blarami TepeBOAMTH B  KOHCepamipo. Tomy
B/IOCKOHAJICHHSI ICHYIOYMX 130JUILIMHMX TEXHOJOTIH Ta
po3poOka  HOBMX €  MEPCIEKTUBHUM  HalpsIMKOM
JIOCITIIPKEHHSI, OCOOJIMBO JUISl CBEP.UIOBHH, SIKi 3HAXOASTHCS
y Mi3HIA Ta 3aBepIIaibHiIA ctaail po3poOku. Ilpu mimdopi
CcrocoOy JIKBiall NePeTOKiB, HEOOXITHO YITKO PO3YMITH i
Tporiecy, 1o

00yMOBJIEHI KOHCTPYKLI€IO TOPU30HTAJILHOTO CTOBOYpa

BpPaxOBYBaTH OCOOJIMBOCTI  TEXHOJOTIl

CBEp/UIOBUHU.
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0. M. FOPHCEHKO, C. M. IOTBIHKOB, I'. M. IIIABAHOBA, I. A. OCTAIIEHKO, B. M. IIYMEHKO

TEOMETPO-TOITOJIOTTYHI XAPAKTEPUCTHKHU CYBCOJIAYCHOI BYJ10BU CUCTEMU
MgO - AL,O; - TiO,

Cepen maTepiaiiB, II0 NPHUBEPTAIOTh BEIHMKY YBary 3 TOYKH 30pYy CTBOPEHHsS BOTHETPHUBKHX BHPOOIB 3 MiABUIIECHOI TEPMOCTIHKICTIO MOXHA
BUIUINTH MaTepiaiy Ha ocHOBI kommno3uuiit cucremu MgO — Al,O3 — TiO,. B pesynbrari npoBeeHoro TepMogiHamMiaHoi aHanizy cucremu MgO —
Al,O; — TiO, BCTaHOBJICHO, IO PO3OHMTTS CHCTEMH HA €IEMEHTAPHI TPUKYTHUKM 3a3HAa€ 3MiH y TPbOX TEMIIEpaTypHHUX iHTepBanax: [— 10
temnepatypu 1537 K, Il — B remneparypromy intepsani 1537 — 2076 K ta Buie temnepatypu 2076 K. BeranoBneHo, mo go tremnepatypu 2076 K
iCHy€ KOHLEHTpaLiiiHa 00JacTh IIMiHENbHUX (ha3: aqroMoMarHesiaibHa LIMiHenb — KBaHAUT. Buie temmneparypu 1537 K icHye koHueHTpauiitHa
o0JacTh: TiamT— KappoiT, fKa BiINOBizae BUMOram 10 MarepiaiiB 3 BHCOKOK TepMocrtiiikictio. Enemenrapuuit tpukytHuk TiO,— Al TiOs —
MgTi,Os MOXHa BUKOPHCTOBYBAaTH JUIsi OTPMMaHHsS TEPMOCTiMKuX MarepianiB Ha ocHOBi Al TiOs crabimizoBanoro MgTiOs. st orpumaHHs
TEPMOCTIHKHX IIEPHUKIA30LIIIHENBHIX MATEPialliB PEKOMEH/I0BAHO elleMeHTapHuid TpUkyTHUK Mgy TiOs — MgAlLOs — MgO, y sikoMy HpuCyTHI Jimiie
CIONYKH 3 KyOiYHOK KpHUCTaliyHOK peuriTkoro. Takum uuHOM, po30utts cucremu MgO — Al,O3 — TiO, Ha eneMeHTapHi TPUKYTHUKM 1 aHai3
reOMETPO—TOIMOJIOTIYHAX XapPAaKTePUCTHK (a3 CHCTEMH [JO3BONIJIO BHOpAaTH B JOCHIMKYBaHiii cucTeMi 007acTi CKJIadiB, IO BOJOAIIOTH
ONTHMAaJIbHUMH BJIACTHBOCTAMH I OTPHUMAHHS MaTepialiB 3 3aJaHUMH ONTUMAIbHUMH BIACTHBOCTSIMH.

Ki11040Bi clioBa: TPUKOMIIOHEHTHA CHCTeMa; cyOcomiaycHa Oy0Ba; KOHHO/A; eEMEHTAPHHI TPUKYTHHK; T€OMETPO—TOIMOJIOTIUHI XapaKTePHUCTUKH,
TiaJiT, KAppOIT, aTIOMOMarHe3iaabHa MIMiHelb; KBAHILTIT.

0. H. FOPHCEHKO, C. M. TOT'BHHKOB, I. H. IIAEAHOBA, H. A. OCTAIIEHKO, B. H. IIYMEHKO

IF'EOMETPO-TOIIOJOT'NTYECKHUE XAPAKTEPUCTUKHA CYBCOJIMAYCHOI'O CTPOEHUSA
CUCTEMBI MgO - Al,O; — TiO,

Cpenn MaTepHanoB, KOTOpHIE MIPUBJIEKAIOT BHUMAHUE C TOYKH 3PSHHSI CO3MaHMS OTHEYNOPHBIX M3JIENUH ¢ MOBBIIIEHHONH TEPMOCTOHKOCTEIO, MOXKHO
BBIJICJIUTH MaTepHalibl Ha ocHoBe Kommosuiwii cuctemsl MgO — Al,O3 — TiO,. B pe3ynbrare mpoBeIeHHOTO TEPMOMHAMHYECKOTO aHAIN3a CHCTEMBI
MgO — Al,O; — TiO; ycraHOBIIE€HO, 4TO pa30HeHIe CHCTEMbI Ha SJIEMEHTAPHBIC TPEYTOJIbHUKH U3MEHHUTCS B TPEX TeMIIepaTypHBIX HHTepBanax: | — 1o
Temmnepatypsl 1537 K, II — B Temneparyprom unTepBane 1537 — 2076 K u Boimre Temnepatypst 2076 K. Ycranosneno, uro go temmneparypst 2076 K
CYIIECTBYeT KOHIIEHTPAlOHHAsl O0JacTh INIHHENBHBIX (ha3: aTioMOMarHe3WanbHas MINTMHENTb — KBaHMWIMT. Breime Ttemmnepatypsr 1537 K
CYIIECTBYET KOHIICHTPALMOHHBIA 00JIaCTh: THAJUT — KapPOHUT, KOTOPasi COOTBETCTBYET TPEOOBAaHMSAM K MaTepHaliaM ¢ BEICOKOIl TEPMOCTOHKOCTEIO.
Onemenraphbiii TpeyroiapHuk Ti0; — Al TiOs — MgTi,Os MOXHO HCIONIB30BaTh IS TIOJYYeHHs] TEPMOCTOWKHX MarepuaioB Ha ocHoBe Al,TiOs
crabmmmnpoBanHoro MgTi,Os. st momydeHns: TepMOCTONKIX MEPUKIIA30MITIHENBHIX MAaTepPUalioB PEKOMEHIYETCs! JIeMEHTApHBIH TPEYTrOIbHHUK
Mg, TiOs — MgAIL,O, — MgO, B KOTOpPOM IPUCYTCTBYIOT TOJBKO COCJWHEHHS C KyOWYEeCKOW KPHUCTAIUIMYECKON pemrerkoil. Takum obpasom,
pazouenne cucremsr MgO — Al,O; — TiO, Ha 3ieMeHTapHbIe TPEyroJbHUKH M aHAIN3 I€OMETPO—TOMOIOTHYECKHX XapaKTEePHUCTHK (a3 CHCTEMBI
MIO3BOJIJIO BBIOpAaTh B HCCIICAYEMOIl CHCTeMe 00JacTH COCTAaBOB, KOTOpHIE 00JAaaloT ONTUMAJIBHBIMH CBOWCTBAMH IS MOJIyYeHUsS MaTepHalioB C
3aJ]aHHBIMU ONITUMAJIbHBIMU CBOMCTBAMH.

KiioueBrble c10Ba: TPEXKOMIIOHEHTHAs] CHCTEMa; CyOCOIHIYCHOE CTPOCHHE; KOHHOJA; HJIEMEHTApHBIH TPEyroJIbHUK, I'€OMETPO—TONOIOTHIECKHE
XapaKTePUCTHKH; THAJNT; KaPPOHT; AIFOMOMAarHe3naIbHas IIITHHENb; KBAaHJHINT.

0. BORYSENKO, S. LOGVINKOV, G. SHABANOVA, I. OSTAPENKO, V. SHUMEJKO

GEOMETRICAL-TOPOLOGICAL CHARACTERISTICS OF THE SUBSOLIDUS STRUCTURE IN
THE MgO — ALO; — TiO, SYSTEM

Among the materials that attract attention from the point of view of creating refractory products with increased heat resistance, one can single out
materials based on compositions of the MgO — Al,O3 — TiO, system. As a result of the thermodynamic analysis of the MgO — Al,O3 — TiO, system, it
was found that the partition of the system into elementary triangles will change in three temperature ranges: | — up to 1537 K, Il — in the temperature
range 1537 — 2076 K and above 2076 K. It has been established that up to a temperature of 2076 K there is a concentration range of spinel phases:
magnesium aluminate spinel — quandylite. Above 1537 K, there is a concentration range: tialite — karroite, which meets the requirements for materials
with high heat resistance. The elementary triangle TiO, — Al,TiOs — MgTi,Os can be used to obtain heat-resistant materials based on Al,TiOs
stabilized by MgTi,Os. To obtain heat-resistant periclase—spinel materials, an elementary triangle Mg,TiO4 — MgAIl,O, — MgO is recommended, in
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which only compounds with a cubic crystal lattice are present. Thus, the division of the MgO — Al,O; — TiO, system into elementary triangles and the
analysis of the geometrical-topological characteristics of the phases of the system made it possible to select in the system under study the regions of
compositions that have optimal properties for obtaining materials with the specified optimal properties.

Keywords: three—component system; subsolidus structure; connod; elementary triangle; geometrical-topological characteristics; tialite; karroite;

magnesium aluminate spinel; quandilite.
Beryn. OpHuM 3 HaWBaXIMBIIIAX ITOKa3HUKIB
BUCOKOTEMITEpAaTYpHHUX MaTepialiB € TePMOCTIHKICTb, sSKa
XapakTepu3ye€  3MaTHICTb  BHPOOIB  TNPOTHUCTOSTH
BUHHMKAIOYMM TEPMIYHMM HalpyXCHHSIM B pPe3yJbTaTi
TEIUIOBMX  BIUIMBIB.  [liNBWIIEHHS  TEPMOCTIMKOCTI
BIZIOMHX 1 TNOIIYK HOBUX TEPMOCTIHKHX BOTHETPUBKHX
MaTepialliB 3aIUIIA€THCS aKTyalTbHOIO MIPOOIEMOIO.
Cepen Marepialis, 1110 IPUBEPTAIOTH BEJIHUKY yBary 3
30py

I IBULIEHOIO

TOYKH CTBOPCHHA  BOTHCTPHUBKHX BI/IpO6iB 3

TEPMOCTIHKICTIO MOXXHA  BUIUIATH
MaTepialm Ha OCHOBI Kommo3umiid cuctemun MQO —
A|203—Ti02.

L[iHHEM  KOMIIOHEHTOM CHCTEMH € THUTaHaT
amominito Al,TiOs (tiamir), KU Mae BHCOKY TeMIie-
patypy IUTaBJICHHS, BUCOKY XIMIYHY CTiHKICTh IO KHCJIOTO
cepe/ioBUIIA 1 CWIIKATHUX pO3IUIABIB, HEraTHMBHHN B
IIMPOKOMY Jlialla30Hi TeMIepaTyp HU3bKHI TeMIlepaTypHUH
Koe(iIlieHT JiHIHOTO po3mmpeHHs [1-4].

OpHak THUTaHAT AIOMIHIIO BOJIOJIE BHUPAKCHOIO
aHI30TPOIIEI0 TEMIIEPaTypHOTO Koe(illieHTa JiHIHHOTO
PO3LIMPEHHsI B HaNpsIMKy KpucTajorpadidyHux Biced i
BHACHIJJOK [FOTO OTPUMAHHSA MIIIHUX BHPOOIB Yy
CIEYCHOMY CTaHI Ha HOro OCHOBI YCKIIQJHEHO uepe3
BUHUKHEHHS  MEXaHI4HOi

Halpyrn 1  yTBOpPEHHS

MIKpOTpIMH mig uac oxonomkeHHs. llle onHiero

MNPpUYUHOK, IO 06MC)Ky€ 34CTOCYBAHHA  THUTAHATY

aNOMiHIIO € #oro HecTaOUIBHICT, TpU  TpUBAIIN
eKcIutyararii B intepBam temnepatyp 1023 — 1473 K, mo
NPU3BOJUTE JI0 HOro po3majgy Ha BHXIJHI OKCHAH.
Bimomo [5, 6], mo mnpu BHUKOpUCTaHHI J00ABOK, IO
YTBOPIOIOTh 3 TUTAHATOM AJIIOMIHIIO TBEPJi PO3YMHHU 200
cnonykn, Hampukian, MgTiOs (xappoitr), skuii Mae
MICEBIOOPYKITOBY CTPYKTYPY, CIIOCTEPITa€ThCS TEHICHIIIS
J10 301IbIIEHHS CTaOUIBHOCTI TiaJITy.

Ille oxHa BayKJIMBA CIIONYKA, 1[0 BXOAUTH JI0 CKIAIy
cucremu MgO — Al,Oz — TiO, — nie anmoMo—MarHesiaabHa
miminens (MgAl,O4), Ha OCHOBI SIKOi PO3POOIIOIOTHCS
Marepiain 3 BHCOKOI MEXaHIYHOIO MIIHICTIO, BHCOKOIO
KOpO3iitHOIO Ta pajianiiiHoo cTikkicTio. Takok 3HaAYHUH
IHTEpeC NPEACTABISIIOTh IIIMIHENbHI TBEPAl PO3YMHHU
MgAI,O, — Mg,TiO, [7-9] mis po3pobku cydacHUX Ma-
TepiajiB 3 BUCOKMMH E€KCIUTyaTalliiHUMH XapaKTepPPUCTU-
kamu. KBanginit Mg, TiO4 Mae cTpyKTYpy THITY LIMiHEM.

Kpim Tianmity, KappoiTy, anfoMOTrHe31aIbHOI HIMiHeMi

ta kBaHzaulity cucrema MQO — Al,O;—TiO, wicTuTh

TePMOAWHAMIYHO CTaOiNbHI THUTAHAT MAarHilo
MgTiO; (reikenit) Ta AlsTiOg, sika 3a mammmu [10]

iMmoBipHO yTBOpIOETHCs Bumie 2076 K ming wac B3aemonii

¢azu:

Al,O3 ta A1,TiOs, cTabinbHa B 1yXe By3bKOMY iHTEpBai
TeMIepaTyp i po3kiamaeTecs 3a Temmnepatypu 2114 K.

Mera poOoTu. Bu3HayeHHsS Ha OCHOBI aHaJi3y
IreOMETPO—TOIIOJIOTIYHUX XapaKTEPUCTHK CyOCOiycHOT
6ynosn cucremun MgO — Al,O3 — TiO, pamioHambHEX
KOHLEHTpaLIfHUX o0JacTeil onepKaHHS TEPMOCTIHKUX
MaTepiaiB.

Buksiang ocHoBHOro marepiaay. 3a METOAMKOIO
[11] aBropamu mpOBEIEHO TEPMOAMHAMIUHMI aHaIi3
cuctemu  MgO — Al,O; — TiO,
PO3OUTTS CHCTEMH HA €JIEMEHTApHI TPUKYTHHKH 3a3Ha€

Ta BCTAaHOBJICHO, IO

3MiH Yy TPbOX TEMIIEPaTYPHUX IHTepBaax:

|- nmo Temmeparypu 1537 K TtepMommHamigHO
crabimpaumu € crnonyku: Al,Os, TiO, MgO, MgTi,Os,
MgTiO;, Mg,TiO4, MQgAILO,;  crmiBicHylOTH — Taxi
komGinarii ¢az: Al,O3—TiO, (1000), Al,O3 — MgTi,Os
(917), MgTiOz; - Al,O3 (882), Al,O3— MgAI,O, (719),
MgAIl,O,— MgTiO; (694), MgAl,O,— Mg,TiO, (638),
Mg,TiO,— MgO (500), MgAI,O,—MgO (281), TiO,—
MgTi,Os (200), MgTiO3—Mg,TiO, (167), MgTi,Os —
MgTiO; (133), B myxKkax 3a3HaueHi JOBKHHH KOHHO
(L, %o); cuctema po3GHBAEThCS HA IT’SITh €IEMEHTapHUX

tpukytHukiB: 1) AlL,Oz—TiO, — M@TiOs, 2) AlO3-—
MgTi,05 — MgTiO3, 3) Al,O; — MgAl,O4 — MgTiO3, 4)
MgTiO; — MgAIL,O4 — Mg, TiO,, 5) Mg, TiO, —
MgAI,O4 — MgO;

Il — B inTepBani temmeparyp 1537 — 2076 K: Bumie
TEeMIIEPATYpU 1537K  3’aBngeThes e OJlHa

TepMoauHaMiuHO cTabinpHa crnonyka Ttiamt (Al TiOs),
SKa BHOCHTH KODEKTHBHM JO I€pe0yJI0BH KOHHOX Y
CHCTEMi — CIHIBICHYIOTh Taki komOiHawmii ¢a3: MgTiO; —

ALO; (882), ALO;—MgAlLO, (719), MgTiO;—
MgALO, (694), MgAl,0,— Mg,TiO, (638), TiO,—
Al,TiOs (560), Mg,TiO,—MgO (500), Al,TiOs—

MgTi,O5 (492), Al,TiOs—MgTiO; (488), Al,TiOs—
Al,O3 (440), MgAIl,O,—-MgO (281), TiO, - MgTi,Os
(200), MgTiO; — Mg,TiO4 (167), MgTi,Os — MgTiO3
(133), B myxxax 3a3HaueHi HOBXHHU KOHHOA (L, %o);
BIJITOB1IHO cucreMa  po30MBa€ETHCS Ha LICTH
enmemeHtapuux  TpukytHukiB: 1)  TiO; — Al TiOs —
MgTi,0s, 2) Al,TiOs — M@Ti,05 — MgTiOs3, 3) Al TiOs —

MgTiO; — ALOs;, 4) AlLO; — MgTiO; — MgAlL,O,, 5)
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MgTiO3; — MgAlL,O, — Mg, TiO4, 6) Mg, TiO4 — MgAI,O,
— MgO;

Il - Bume temmeparypu 2076 K  ymoBHO
BpaxoByemo cronyky Al TiOg, sika € TepMoAnHaMidHO
CTalIJIBHOIO BUINE JAaHOT TEMIICPATypH, BiIMOBITHO IO
1pOTO e mepebynoBa kouHox cuctemu: Al,TiOg — MgO
(893), Al,O3 — MgAl,04 (719), MgTi,0s — Al,TiOg (642),
Al,TiOg — Mg,TiO, (638), Al,TiOg—MgTiO; (622),
TiO, — Al,TiOs (560), Mg,TiO, —MgO (500), Al,TiOs —

MgTi,Os (492), Al4TiOg— MgAI,O, (282), Al,O3-
Al,TiOg (282), MgO — MgAl,O, (281), TiO, — MgTi,0s
(200), MgTiO; — Mg,TiO, (167), Al,TiOs— Al4TiOg
(158), MgTi,05 — MgTiO; (133), B aykkax 3a3HaueHi
noBxuHE KOHHOJ (L, %o0); 110 BHOCHTH 3HAYHI 3MIiHH JO
PO3IIEHHS] CHUCTEMHM HAa EJIEMEHTapHI TPUKYTHUKHU: 1)
TiO, — Al TiOs — MgTi,0s, 2)  AlLTiOs — MgTi,05 —
Al,TiOg, 3) Al TiOg — MgTi,O5 — MgTiO3, 4) Al,TiOg —
MgTiO3; — Mg,TiO,, 5) AlTiOg— Mg,TiO,— MgO, 6)
Al TiOg — MgO — MgAl,Oy, 7) Al,O3 — Al TiOg —
MgAl,O,.

Pesynbratu po36urts cucremu MgO — Al,O3 — TiO,
HAa CJEMEHTapHi TPUKYTHUKH BIANOBINAE TPaBHILY
Kypnakora [12]: X;=1+4=5 X;=1+5=6,
Xm=1+46=7, nme X;— KUIBKICTh eJIlEMEHTAPHUX
TPUKYTHHKIB.

3 aHami3zy pe3ynbTaTiB JOBXUH KOHHOX BHIHO, IO
1o temneparypu 2076 K icHye koHueHTpauiiiHa 00y1acTh
OITHETPHUX ~ (a3:  aqfoMOMarHesialnbHa  IIITiHENb —
kBauaimt (MgALO4 — Mg,TiO,). Bume Ttemneparypu
1537 K icHye KOHIEHTpamiiHa 00JacTh: TialliT — KappoiT
(Al TiOs — M@Ti,05), sika BigmoBimae BUMOraM Ji0
MaTepialiB 3  BHCOKOIO  TepMOCTiHKicTio. Bwumie
temnepatypu 2076 K ¢aza Al,TiOg cmiBicHye maibke 3i
BciMa (pa3aMu CHCTEMH.

OCHOBHI T'€OMETPO—TOIOJIOTIUHI XapaKTEPUCTUKU
cyOcomimHoi OymoBm cucteMd Ta 11 (a3: IUTOImIi
eJIEMEHTApHUX TPUKYTHHKIB, CTYyIiHb iX acuMerpii
(Liax / Limin), mioma obnactei, B sSKUX ICHYIOTH (a3,
WMOBIpHICTh icHyBaHHA (a3, HaBeneHi B Tabx. Ne 1, Ne 2.
Po3paxyHkr BUKOHAHI 32 METOIUKOIO [12].

Tabauus 1 — XapakTepuCTHKA elIeMEHTapHUX TPUKYTHHKIB cucteMu MgO — FeO — Al,O;

Ne | EnemenTapHuii TpUKyTHUK ITnoura, %o | CrymiHb acuMeTpii
1o Temmeparypu 1537 K
1 Al,03 — TiO, — MgTi,05 200 5,000
2 Al,03 — MgTi,05 — MgTiOs 133 6,894
3 Al,03 — MgAIl,O4 — MgTiO3 187 1,271
4 MgTiOz — MgAIl,O, — Mg, TiO, 120 4,156
5 Mg,TiO4 — MgAI,O4 — MgO 360 2,270
> 1000 -
max 360 6,894
min 120 1,271
B iHTepBaii Temnepatyp 1537 — 2076 K
1 TiO, — Al TiOs — MgTi,05 112 2,800
2 Al,TiOs — MgTi,05 — M@TiO3 74 3,699
3 Al,TiOs — MgTiO; — Al,03 147 2,005
4 Al,03 — MgTiO; — MgAl,0O, 187 1,271
5 MgTiOz — MgAIl,O, — Mg, TiO, 120 4,156
6 Mg, TiO, — MgAl,O, — MgO 360 2,270
> 1000 -
max 360 4,156
min 74 1,271
BuIe Temnepatypu 2076 K
1 TiO, — Al,TiOs — MgTi,05 112 2,800
2 Al,TiOs — MgTi,05 — Al TiOg 32 4,063
3 Al,TiOg — MgTi,05 — MgTiO3 95 4,827
4 Al,TiOg — MgTiO3 — M@, TiO, 120 3,820
5 Al,TiOg — Mg,TiO, — MgO 359 1,786
6 Al,TiOg — MgO — MgAI,O, 203 3,178
7 Al,O3 — Al TiOg — MgAl,0, 79 2,550
> 1000 -
max 359 4,827
min 32 1,786
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AHami3 OTpUMaHMX pEe3yJIbTATIB II0Ka3aB, MO JIO
temneparypu 2076 K mHailGimpmry — roromry  Mae
eneMeHTapHuit Tpukytauk Mg,TiO, — MgAI,O,— MgO i
Y HBOTO Bi/I3HAYAETHCS CEPEIHS CTYIIHb acUMeTpil (IuB.
Tabm. Ne 1). Takoxk anmromarHesiajipHa IIIIHEIh MAa€e
HalbLIbITy HMOBipHICTS icHyBanHs (0,223). ToMmy B miit
KOHLIEHTpaLiifHI 001acTi MOKHa MPOTHO3YBAaTH CKJIAAN
IIUXT IOITiHENBBMINIYIOYNX BOTHETPUBIB 3 BHCOKHMH
eKCIUTyaTalliiHUMH XapaKTepUCTUKaMu. B posrinsHyTomy
CJIEMEHTAPHOMY TPUKYTHHUKY HPHCYTHI JIMIIE CIIONYKH 3
KyOiYHOI0 KPHCTAIYHOK PEIITKOK, M0 Hamae iM
130TpOITHOCTI Ta, HApALy 3 PI3HANCI Y TEPMIdHHX
KoeilieHTIB  JTIHIHHOTO  PO3IUIUPEHHS, —  J03BOJISIE

po3paxoByBaTM ~ Ha  OTpUMaHHS  MmarepiamiB 3
MIKpOTPIIMHYBATOI0 CTPYKTyporo. Came Taka CTPYKTypa
NoTpiOHa Ay 3aro0iraHHs pO3MOBCIOKEHHS TPIIIUH Ta
JOCATHEHHS BHCOKOI TEPMOCTIHKOCTI.

Ho temmneparypu 1537 K nHalimMenumry miomry Mae
elIeMEHTapHU TPUKYTHHK MgTiO;z — MgAI,O4 —
Mg,TiO4 1 BHCOKHMH  cTymiHb  acumerpii. B
TemnepaTypHoMmy iHTepBami 1537 — 2076 K naiimeHury
wiomy Mae enemeHtapHuit TpukytHuk Al TiOs —
MgTi,Os — MgTiO3 i Bucokuii crymiap acumerpii. 1o
BKazye Ha HEOOXIiJHICTh 3acCTOCYBaHHs CIIEIialbHUX
TEXHOJIOTIYHAX TPUHOMIB MAaCOMIATOTOBKH IJISi CHHTE3Y
KOMITO3HLITHUX MaTepialliB B IUX 00IacTsX.

Tabnuiyt 2 — ['eOMeTpO—TOMOJIOTIUHI XapaKTepUCTUKH (a3 CHCTEMH

Crnonyka | 3i ckinbkoMa (ha3aMul CHiBicHye | Y CKUIBKOX TPUKYyTHUKaX icHye | [Tmoma icHyBanHS, S;, %o ,HMOBIPHICTL
iCHyBaHHS, ®
1o Temneparypu 1537 K
Al,O4 4 3 520 0,172
TiO, 2 1 200 0,067
MgO 2 1 360 0,120
MgTi,0s 3 2 333 0,111
MgTiO3 4 3 440 0,147
Mg, TiO, 3 2 480 0,160
MgAI,O, 4 3 667 0,223
> 3000 1,000
max 667 0,223
min 200 0,067
B iHTepBaii Temnepatyp 1537 — 2076 K
AlL,O3 3 2 334 0,111
TiO, 2 1 112 0,037
MgO 2 1 360 0,120
MgTi,0s 3 2 186 0,062
MgTiO3 5 4 528 0,176
Mg, TiO, 3 2 480 0,160
MgAl,O, 4 3 667 0,223
Al,TiOs 4 3 333 0,111
> 3000 1,000
max 667 0,223
min 112 0,037
Buuie Temnepatypu 2076 K

AlL,O3 2 1 79 0,026
TiO, 2 1 112 0,037
MgO 3 2 562 0,187
MgTi,0s 4 3 239 0,080
MgTiO3 3 2 215 0,072
Mg, TiO, 3 2 479 0,160
MgAl,O, 3 2 282 0,094
Al,TiOg 7 6 888 0,296
Al,TiOs 3 2 144 0,048
> 3000 1,000
max 888 0,296
min 79 0,026
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EnemeHntapHuil TpUKyTHUK, SIKMH IIPUBEPTAE yBary,
e T|02 — A|2T|O5 - MgTi205, B
inTepBam 1537 — 2076 K Mae cepeqHe 3HAUYEHHS IUIOMNII 1

TEMIIEPaTypPHOMY

JIOBOJII HU3BKHUH CTYyHiHb acuMeTpii. ToOTO mpamtorodi B

it KOHIICHTpAIliHHI obuacti HE moTpiOHO
IOTPUMYBATHCS OCOONMBUX yMOB cuHTE3y. L[to oOmacTp
MOYKHA BUKOPHCTOBYBATH [UIi OTPUMAHHS TEPMOCTIHKHX
marepiaiiB Ha ocHoBi Al,TiOs crat6imizosanoro MgTi,Os.

Jnst  migBUIEHHS

TEPMOCTIHKOCTI  KOPYHJOBHX

BOTHETPUBIB Ta KOMIIO3UIIIIHAX MarepialiB 3a HOro

y4acTio JOLIEHO BUKOPHCTOBYBATH o0mnacTpb
€JIeMEHTapHOT 0 TPUKYTHHKA Al,03 — MgTiO; —
MgAI,O4, y sKOrO cepeqHe 3HAUCHHS IUIOLII Ta

HAWMEHIIHNI TOKA3HUK CTYMEHS AaCUMETPii.

OTprMaHHI PO3paxyHKOBI IaHHI BUILE TEMIIEPATyPH
2076 K, B HacmigoKk HE MOBEICHHs ICHYBaHHS CIIONYKH
Al TiOg,
MOTPEOYIOTh HACTYIMHHX TEOPETHYHHUX Ta MPAKTUYHHX

MaloTh  pPEKOMEHJOBaHWH  XapakTep Ta

JIOCIIIIKEHD.

BucnoBkn. Takxum YHUHOM, p036I/ITTiI CHUCTEMHU

MgO — Al,O; — TiO, Ha enemMeHTapHi TPUKYTHHKH 1

aHalli3 TeOMETPO—TOMOJOTIYHMX XapaKTepuCcTUK (a3

CUCTEMH JIO3BOJIWJIO BUOpAaTH B JOCIHIKYBaHid cucTeMi

obnacTi CKJIamiB, IO BOJIOMIIOTH  ONTHMAJIbHUMH

BJIACTUBOCTAMU JI1 OTpHUMaHHA MaTepianiB 3 3aJJaHUMU

OIITUMAJIbHUMHU BJIAaCTUBOCTSMMU.
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V.I. BULAVIN, I.N. VYUNNIK, A.V. KRAMARENKO, A.l. RUSINOV

NEAR HYDRATION OF SINGLY CHARGED MONOATOMIC IONS IN EXTREMELY DILUTED
SOLUTIONS: THE EFFECT OF TEMPERATURE AND PRESSURE

The diffusion coefficient D and the distance of translational displacement of Li*, Na* K*, Cs*, CI"and Br~ ions d in water at 298.15 K — 423.15 K
(25 K step) and pressure from 0.0981 to 784.5 MPa (98.1 MPa step) were calculated from the literature data on limiting molar electrical conductivity.
The D; values for these ions increase with pressure growth from 0.0981 to 98.1 MPa at 298.15 K. Further pressure increase (up to 785 MPa) leads
to decrease in D . Temperature growth under isobaric conditions leads to an increase in D . Parameter (8_ ri) (deviation from the Stokes—Einstein
law, r; is ion structural radius) was used as a criterion for the type of ion solvation. It is shown that Li* and Na ions behave as cosmotropes, or
positively solvated structure—forming ions having (Ef ri) > 0. The Cs*, ClI, Br ions behave as chaotropes, or negatively solvated structure—breaking
ions having (Hf r;) <0. For the K* ion, the (af r;) deviation is alternating. At 0.0981 MPa and 298.15 K, the K" ion is a chaotrope. But at 320 K
(Tiim) parameter (E, r;) = 0. It corresponds to the transition from negative to positive solvation. Above Ty, at P = const, the K* ion is a cosmotrope.

At 298.15 K and up to 98.1 MPa, the pressure causes the same change in the (Hf r;) deviation as the temperature. On the contrary, at 320 K and
higher, the pressure affects the near hydration in the direction opposite to the temperature.
Keywords: monoatomic ions, diffusion, diffusion displacement length, positive and negative solvation

B.1. BYJIABIH, IM. B’IOHUK, A.B. KPAMAPEHKO, O.1.PYCIHOB

BJIWMAKHA I'TIPATAINIA OJHO3APATHUX OJHOATOMHHMX IOHIB Y TPAHUYHO
PO3BABJIEHUX PO3YNHAX: BIIVIUB TEMIIEPATYPHU TA TUCKY

Koedimient audysii D’ ta nosxkuna auysiiinoro smimenns d ionis Li*, Na* K¥, Cs*, CI"and Bry soai npu 298,15 K — 423,15 K (war 25 K) i
Tucky Big 0,0981 mo 784,5 MIla (mar 98,1 MIla) po3paxoBaHi Ha MiACTaBi JITEPATYpPHUX AAHUX IOJO iX I'PAHUYHOI MOJSPHOI E€IeKTPUYHOL
npoBigHOCTI. Bemmanan D? uux ionis 3poctaroTh npu 298,15 K 3i 36inmpmrennsam trcky Bix 0,0981 no 98,1 MITa. Tlonansine migBUIIEHHS THCKY JI0
785 MIla npu3BOIHUTE 10 3MEHIICHHS Dio. 3pocTaHHS TeMIIEpaTypH B i300apHYHUX YMOBAX NPHU3BOJWTE JIO 30iIbIIECHHS Dio. IMapameTp (a, ri)
(BigxuneHns Bix 3akoHy Crokca—EifHmreiina, Ii— cTpyKTypHHIl pajiyc ioHa) BUKOPHCTaHMIA K KpUTepiil THITy coipBartaii ioHiB. Tlokasano, mo
ionu Li* i Na* BexyTh cebe sk KOCMOTpOIH, 200 TIO3UTMBHO COJILBATOBAHI CTPYKTYPOYTBOPIOIOYi iOHHM, ISl SKHX (a— r)>0. Ioau Cs*, ClI" i Br —
XaoTponw, abo HETaTUBHO CONBBATOBAHI CTPYKTYypO—pyHHYIOUI i0HM JUIS SKHX (a— r;) <0. s iona K napamerp (a— ri) € 3Hako3MiHHUM. ITpn
0,0981 MIIa Ta 298,15 K ion K* - xaorpor, ane npu 320 K (T,par) Beuunna (a, ri)) = 0. Lle BixmoBiziae mepexoiy Bij HEraTHBHOI [0 TIO3UTHBHOL

conbBatanii. Bume T, npu P = const ion K* e xocmorponom. TTpu 298,15 K i mo 98,1 MITa Tuck cnpuumbse Taky x sminy (0 —r), sk i
Temnepatypa. ITpn 320 K i Bue THCK BIMBaE Ha ONIDKHIO TiJpaTallilo y HANPSIMKY, MPOTHISKHOMY Jil TeMIIepaTypH.
Kuarodosi ciioBa: ogHOaTOMHI i0HNM, 1uQY3is, TOBKHHA TN(Y3IHHOTO 3MillleHHS, HETATHBHA COJBBATAIlis

B.U. BYJIABUH, U.H. BBIOHHUK, A.B. KPAMAPEHKO, A.U. PYCHHOB

BJINAKHAA THAPATAIUA OJHO3APAJHBIX OJHOATOMHBIX HOHOB B ITPEJEJBHO
PA3BBABJIEHHBIX PACTBOPAX: BJIIMSIHUE TEMIIEPATYPBI U TABJIEHUS

Koo(uument muddysun D u amuna tpancnsmonnoro cvemenns  wnowos Li*, Na* K*, Cs*, CI"u Br B Boze npu 298,15 K — 423,15 K (war
25 K) u masnennu (P) 0,0981 —784,5 MIla (urar 98,1 MIla) paccunTaHbl U3 JIUTEPATYPHBIX JAHHBIX IO MPEACIBHON MOJSIPHON AIEKTPUUECKOM
MIPOBOAUMOCTH 3THX MOHOB. 3HAUCHUS Dio nipu 298,15 K ¢ noeienuem P or 0,0981 no 98,1 MIla yBennuuBaroTcs, Mpu BO3PACTAHUU JABIEHUS OT

98,1 no 785 MIla ymenpmaiorcs. [Ipu T > 298,15 K ¢ yBemuueHneMm IaBIeHUS Dio 9THX HOHOB yMeHbIIaeTcs. [IOBBIIICHHE TeMIepaTypsl B

0
H306apuqec1<1/lx YCJIOBUAX MPUBOJAUT K BO3PACTaHUIO Di . KpI/ITepI/ICM THIIA COJIbBATAI[MX MOHOB HCITOJIb30BAaH 3HAK OTKJIOHEHUS OT 3akoHa CTokca—

© V.1. Bulavin, I.N. Vyunnik, A.V. Kramarenko, A.l. Rusinov, 2021

Bicnux Hayionaneno2o mexniunozo ynieepcumemy « X111y

24 Cepis: Ximis, Ximiuna mexuonoci. eKQ.I02L. ¢
€dited with the demo version of

Infix Pro PDF €ditor

wwuw.iceni.com/unlock.htm

[
q To remove this notice, visit:


http://www.iceni.com/unlock-pro.htm

ISSN 2079-0821 (print)

Ditnmrreitna (d - r7), TAE Ii — CTpyKTypHBIi pamuyc nona. Monsr Li* 1 Na* — kocMoTporst (onoxutensao comsaatuposanmsie ((d — ;) > 0) Homs—

crpykTypoobpasosatenu), nonbl Cs*, ClI, BI” xaoTpors! (OTpULATENLHO COMbBATUPOBAHHBIE ((a —1i) <0 ) HOHBI — pa3pyLWUTEIN CTPYKTYphL). st

nona K" mapamerp (a— r;) 3aaxonepemenssii. [Ipu P =0,0981 MIla u 7 =298,15 K (a —1;) < 0 — non K" — xaorpor. [pu 320 K (Type,) BeHuMHA

(a— ri)) = 0. Boime Ty, ipu P = const non K"~ kocmotpor. TTpu 298,15 K u P no 98,1 MIla naBicHHe BIUseT Ha M3MEHEHHE (a — i), KaK u

temnepatypa. [Ipu 320 K u Bbiue aefictBue P IpOTHBOMONIOKHO NEHCTBHIO TEMIIEPATYPBL.

KiroueBble c10Ba: 0HOATOMHBIC HOHBL, TG dY3ust, HHA U (Y3UOHHOTO CMELICHHUS, OTPHULATENIbHAS CONbBATALHS

Introduction. The study of ion solvation is one of
the most important problems in the chemistry of
electrolyte solutions. Both the near and far surroundings
of the ion changes in the process of ionic solvation. Many
properties of ions and their effect on the solvent can be
explained using the concept of solvation. In studying the
effect of ions on the dynamics of the closest solvent
molecules, the greatest success was achieved in the study
of aqueous solutions. According to the effect on the water
structure, Samoilov [1] divided the ions into two groups:

1) ions solvated positively (AEj=E;-E» >0,
Tilt > 1);

2) ions
Tt < 1).

Samoilov [1] includes structure—making ions in the
first group, and structure—breaking ions in the second
group. In the development of Samoilov’s views, Collins
[2] (in the model of soldered spheres) proposed later the
“cosmotropes” term for structure—makers. They are singly
charged ions of small size (having a high charge density
that firmly binds water molecules). Correspondingly, the
“chaotropes” are the structure—breakers, or singly charged
ions of large size having a low charge density. They bind
water molecules weaker than the latter bind each other.

Today highly structured water and aqueous solutions
have been studied most fully [3-6]. To study short-range
solvation [3] in water, the most modern methods are
involved, including molecular dynamics modeling
(MDM). As a result, significant progress has been
achieved, new models and mechanisms have been
proposed [4-6]. At the same time, many questions are still
not sufficiently developed.

Modern technologies and theories determine the
conduct of research in a wide range of state parameters.
However, the lack of fundamental information on the
properties of water and ions in aqueous solutions in a
wide range of temperatures and pressures does not allow
one to predict even qualitatively the effect of pressure on
the short-range hydration of ions. Known experimental
data [7-11] in terms of the effect of pressure on the
dynamics of water molecules closest to the ion are limited
both by the range of pressures and temperatures, and by
the set of electrolytes. The conclusions of these works are

solvated negatively (AEj=E;-E,<0,

contradictory [7,8,10,12]. Samoilov and co-workers [7,
8], based on the data on the density of dilute aqueous
solutions of NaCl, KCl and NH,CIl, came to the
conclusion that with an increase in pressure from 0.1014
to 101.4 MPa the near hydration of Na* and K" ions
increases due to the destruction of the water structure,.
For the NH," ion, the close—range solvation characteristic
passes through a minimum. Nakahara [11], calculating the
number of hydration of ions in an infinitely dilute solution
of KCI at 288.15, 298.15 and 313.15 K and pressures
from 0.1014 to 507 MPa, showed that they practically do
not change with increasing pressure for K* and CI” ions.

According to Horn [10], an increase in pressure
leads not only to the destruction of the intrinsic structure
of water in solution, but also to a weakening of near
hydration. Toryanik [12] came to the conclusion that ions,
as well as temperature and pressure, have a destructive
effect on water. He based on the results of a study of the
water molecules diffusion coefficient in solutions of
lithium, sodium, potassium and cesium chlorides over the
temperature range 263-343 K and pressures up to
0.7 GPa.

It seems interesting to use the developed in [13, 14]
and well-proven approach to determining the criteria for
positive (a— r)>0 and negative (Hfri) <0 ion
solvation. It based on the deviation from the Stokes—
Einstein law in the form of a difference (a—ri) and
reflects the effect of temperature and pressure on the
short-range hydration of monatomic ions.

The choice of the difference (H— r) between the

distance d of the translational displacement of an ion and
its structural radius r; as a measure of the effect on the
mobility of the closest solvent molecules was
substantiated in [14].

Results. In this work, the diffusion coefficient and
the translational displacement distance for Li*, Na* K",
Cs’, CI” and Br ions in water at 298.15 K-423.15 K (step
25 K) are calculated from the data on the limiting molar

electrical conductivity of ions (1) and pressures from

0.0981 to 784.5 MPa (step 98.1 MPa). The values and
were calculated using the Nernst—Einstein (1) and Stokes—
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Einstein (2) equations, respectively:

o_ RT
> RIF ®
— KT
d=——
61D, @

In equations (1) and (2) T is the temperature, K; R is
the molar gas constant; k is the Boltzmann constant; z; is
the charge of the ion; F is the Faraday number, g is the
dynamic viscosity of the solvent. The quantities and 1y
necessary for the calculation by equations (1) and (2) are
taken from [15, 16].

The calculated values of the diffusion coefficient

and (H_ r;)) parameter for six singly charged ions in water
(at the temperatures and pressures indicated above) are

presented in Tables 1 and 2. When calculating the (a— r)
difference, we used the structural radii of ions according
to Goldschmidt (in A): Li* = 0,78; Na" = 0.98; K" = 1.33,
Cs"'=1.65; ClI"=1.81; Br =1.96 [17].

Table 1 data analysis show that at 298.15 K the
value of the diffusion coefficient of the studied ions in
water increases while the pressure growing from 0.0981
to 98.1 MPa. Further increase in pressure up to 785 MPa
leads to the diffusion coefficient diminishing (Fig. 1). At
temperatures above 298.15 K, it also decreases with an
increase in the pressure (Table 1). An increase in
temperature under isobaric conditions (P = const) leads to
an increase in D values.

This pressure influence on the diffusion coefficient
at 298.15 K can be explained by water viscosity change
[15] (Table 3). In the range of 0.0981-98.1 MPa, the
viscosity of water decreases with increasing pressure, but
it increases with further pressure growth. With an increase
in temperature at P = const, the viscosity of water
decreases (Table 3).

From the analysis of polybaric and polythermal (af
r)) dependences (Table 2; Fig. 2-4), the following
conclusions can be drawn:

1. Li* and Na" ions over the investigated temperature
range 298.15-423.15 K and pressures 0.0981-784.5 MPa

behave like kosmotropes ((a—ri)>0). It indicates the
positive hydration. It weakens with pressure growth
(a(d-r)/oP <0) at the temperatures studied. Under

isobaric conditions, as the temperature rises, the positive

hydration of the Li* cation weakens (a(d_—ri)laP <0),

while that of the Na* increases
(o(d-r)/oP>0).

2. Cs', CI', Br ions in the investigated temperature

cation slightly

and pressure range behave as chaotropes (H_ r) <o,
which indicates negative solvation, which under
isothermal conditions increases with increasing pressure,
while in isobaric (P =const) decreases with increasing
temperature o(d —r,)/oP >0 -

3. The most interesting turned out to be the behavior
of the K™ ion with a change in T and P. At a saturated
vapor pressure (Pg) and T=298.15K, this cation

behaves like a chaotrope (E_ r) <0. As the temperature

rises, the value (a— r;)) increases and at 320 K it reaches
zero. This temperature corresponds to the transition from
negative to positive solvation (T}, = 320 K). Above Tjin
at P = const, the K* ion behaves like a kosmotrope (Fig.
2). At T=298.15 K, an increase in pressure leads to a
decrease in (a— r;) parameter, which corresponds to an
increase in negative solvation (Fig. 3). Polytherms (H_
r)—T (shown in fig. 2,3) and polybars (a— r)—P
indicate the opposite influence of 7 and P on the short—
range solvation of the K* cation in water. The intersection
of polytherms and polybars with a zero line allows us to
determine the limiting temperatures (Tyn) and limiting
pressures (Pjir) of the transition from negative to positive
hydration. They are given in Table. 4.5. The transition
from negative to positive hydration is also observed for
the Rb" cation (Fig. 4), for which Ty, is 387 K at
saturated vapour pressure.

4. From the analysis of polytherms and polybar of

(a— r;)) parameter it follows that the K* cation behaves
like a chaotrope at 298.15 K regardless of P in the
pressure range 0.0981-784.5 MPa (Fig. 3). At
temperatures from 298.15 K to 423.15 K, the chaotropic
properties of the K™ ion are retained at pressures above
588.6 MPa. At a temperature of 320 K and higher, the
pressure acts on the near hydration in the direction
opposite to the temperature. At 298.15 K and pressures up

to 98.1 MPa, the pressure causes the same change (afri)
as the temperature. Thus, the opinion existing in the
literature [18, 19] that pressure and temperature act on the
structure of water in the same direction is valid in the
pressure range up to 98.1 MPa at T <320 K. At higher
parameters of state, T and P have the opposite effect on
near solvation.

26
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Table 1. — lons diffusion coefficient Di0 values at different temperatures and pressures

o D’ 10°, m?s*
MPa 298,15 K 323,15K
Li* Na* K* Cs* cr Br Li* Na* K* Cs' Cl Br
0,0981 1,028 1,334 1,960 2,053 2,034 2,082 1,815 2,303 3,221 3,316 3,377 3,443
98,1 1,055 1,369 2,011 2,096 2,090 2,141 1,787 2,266 3,175 3,270 3,339 3,403
196,1 1,025 1,331 1,957 2,048 2,040 2,088 1,729 2,194 3,077 3,181 3,247 3,302
294,2 0,985 1,281 1,885 1,981 1,973 2,013 1,662 2,107 2,964 3,074 3,134 3,186
392,3 0,937 1,217 1,797 1,899 1,883 1,920 1,587 2,012 2,837 2,955 3,010 3,059
490,3 0,887 1,148 1,699 1,805 1,787 1,819 1,512 1,914 2,707 2,834 2,880 2,915
588,4 0,831 1,076 1,598 1,710 1,686 1,710 1,432 1,813 2,563 2,704 2,742 2,771
686,5 0,778 1,007 1,499 1,614 1,584 1,603 1,354 1,712 2,430 2,574 2,603 2,624
784,5 0,727 0,937 1,401 1,523 1,489 1,502 1,276 1,611 2,295 2,448 2,465 2,479
P, Di0 -10°%, m?s?
MPa
348,15 K 373,15K
Li* Na* K* Cs' cr Br Li* Na* K* Cs' Cl Br
0,0981 | 2,855 3,545 4,761 4,854 5,037 5,109 4,129 5,022 6,532 6,619 6,962 7,015
98,1 2,743 3,405 4,586 4,692 4,879 4,935 3,969 4,836 6,296 6,406 6,749 6,792
196,1 2,652 3,290 4,443 4,555 4,739 4,785 3,773 4,589 5,996 6,132 6,452 6,486
294,2 2,531 3,137 4,248 4,378 4,546 4,583 3,583 4,359 5,706 5,866 6,175 6,192
392,3 2,407 2,982 4,045 4,192 4,347 4,372 3,416 4,156 5,462 5,632 5,929 5,939
490,3 2,295 2,842 3,865 4,024 4,170 4,185 3,259 3,963 5,212 5,412 5,689 5,686
588,4 2,183 2,702 3,685 3,856 3,980 3,993 3,106 3,769 4,966 5,186 5,446 5,432
686,5 2,062 2,553 3,489 3,672 3,790 3,790 2,960 3,586 4,749 4,986 5,222 5,192
784,5 1,954 2,413 3,302 3,507 3,604 3,598 2,820 3,416 4,526 4,776 4,992 4,952
P, DiO 10°, m?st
MPa
398,15 K 423,15K
Li* Na* K* Cs' cr Br Li* Na* K* Cs' Cl Br
0,0981 | 5,661 6,771 8,545 8,641 9,171 9,182 7,347 8,655 10,65 10,78 11,49 11,44
98,1 5,338 6,383 8,086 8,218 8,734 8,723 6,893 8,114 10,03 10,20 10,91 10,83
196,1 5,014 5,999 7,624 7,795 8,286 8,257 6,478 7,623 9,452 9,675 10,36 10,25
294,2 4,786 5,722 7,290 7,493 7,958 7,912 6,122 7,203 8,961 9,222 9,872 9,747
392,3 4,570 5,462 6,970 7,197 7,645 7,585 5,809 6,833 8,519 8,813 9,441 9,305
490,3 4,328 5,167 6,618 6,870 7,290 7,215 5,491 6,459 8,069 8,409 8,987 8,828
588,4 4,129 4,922 6,316 6,589 6,984 6,906 5,231 6,153 7,702 8,061 8,609 8,439
686,5 3,929 4,676 6,013 6,312 6,675 6,586 4,970 5,831 7,324 7,706 8,212 8,050
7845 3,721 4,431 5711 6,027 6,365 6,266 4,728 5,544 6,980 7,385 7,850 7,680
Table 2. — Parameter ( d- r;) values for ions at different temperatures and pressures
P, (d—r) 10" m
MPa 298,15 K 323,15K
Li* Na* K* Cs' cr Br- Li* Na* K* Cs' Cl Br-
0,0981 1,59 0,85 -0,08 -0,46 -0,61 -0,79 1,60 0,90 0,01 -0,35 -0,53 -0,70
98,1 1,58 0,84 -0,09 -0,46 -0,62 -0,80 1,56 0,86 -0,02 -0,37 -0,56 -0,73
196,1 1,54 0,80 -0,12 -0,49 -0,65 -0,82 1,51 0,83 -0,04 -0,41 -0,59 -0,76
294,2 1,50 0,77 -0,14 -0,52 -0,67 -0,85 147 0,79 -0,07 -0,43 -0,62 -0,79
392,3 1,45 0,74 -0,17 -0,55 -0,70 -0,87 1,43 0,76 -0,10 -0,47 -0,65 -0,82
490,3 1,41 0,71 -0,19 -0,58 -0,73 -0,89 1,38 0,73 -0,12 -0,50 -0,67 -0,84
588,4 1,36 0,67 -0,22 -0,61 -0,75 -0,92 1,34 0,70 -0,14 -0,53 -0,70 -0,86
686,5 1,32 0,64 -0,24 -0,64 -0,78 -0,94 1,30 0,67 -0,17 -0,55 -0,73 -0,89
784,5 1,27 0,61 -0,26 -0,67 -0,81 -0,97 1,26 0,64 -0,19 -0,59 -0,75 -0,91
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P, (d —r)10% m
MPa 348,15K 373,15K
Li* Na* K* Cs" cr Br Li* Na* K* Cs" cl Br
0,0981 1,58 0,92 0,09 -0,26 -0,47 -0,64 1,56 0,94 0,15 -0,19 -0,42 -0,58
98,1 1,53 0,88 0,05 -0,30 -0,51 -0,68 1,50 0,89 0,11 -0,24 -0,47 -0,63
196,1 1,46 0,82 0,00 -0,35 -0,56 -0,72 1,44 0,84 0,07 -0,29 -0,51 -0,67
294,2 1,43 0,81 -0,01 | 037 | 058 | 0,74 1,39 0,80 0,03 -0,32 | 0,55 -0,70
392,3 1,38 0,77 -0,04 | 041 | 061 | 0,77 1,35 0,77 0,00 -0,36 | 0,59 -0,74
490,3 1,35 0,74 -0,07 -0,44 -0,64 -0,79 1,31 0,74 -0,03 -0,39 -0,62 -0,76
588,4 1,31 0,70 -0,09 -0,47 -0,67 -0,82 1,26 0,71 -0,05 -0,43 -0,64 -0,79
686,5 1,27 0,67 -0,12 -0,50 -0,70 -0,85 1,23 0,68 -0,08 -0,46 -0,67 -0,81
784,5 1,23 0,64 -0,14 | 053 | -0,72 | 0,87 1,19 0,65 -0,10 | 0,48 | -0,69 -0,84
P, (d —r)10° m
MPa
398,15 K 423,15 K
Li* Na* K* Cs* CI- Br Li* Na* K* Cs* CI- Br
0,0981 1,54 0,96 0,21 -0,13 | -0,38 | -0,53 1,52 0,97 0,26 -0,08 | -0,34 | 0,48
98,1 1,46 0,89 0,15 -0,19 | 044 | -0,59 1,43 0,90 0,19 -0,15 | 0,41 | -0/55
196,1 1,40 0,84 0,10 0,25 | 049 | -0,64 1,37 0,84 0,14 -0,21 | 0,47 | -0,60
294,2 1,35 0,80 0,07 -0,29 | -0,53 | -0,67 1,31 0,80 0,10 -0,26 | -0,51 | -0,65
392,3 1,31 0,76 0,04 -0,33 | -0,56 | -0,70 1,26 0,76 0,06 -0,30 | -0,55 | -0,68
490,3 1,26 0,73 0,01 -0,36 | -0,60 | -0,74 1,22 0,72 0,03 -0,34 | 0,59 | -0,72
588,4 1,22 0,70 -0,02 | 040 | 0,63 | -0,76 1,18 0,69 0,00 -0,38 | 0,62 | 0,74
686,5 1,18 0,67 -0,05 | 043 | 0,65 | 0,79 1,14 0,66 -0,02 | 041 | 0,65 | 0,77
784,5 1,15 0,64 -0,07 | 046 | 0,68 | -0,81 1,11 0,63 -0,05 | 044 | 0,67 | 0,80
Table 3. ~Water viscosity at different T and P [15]
P, 1, mPa-s
MPa 298,15 K 323,15 K 348,15 K 373,15 K 398,15 K 423,15 K
0,0981 0,8903 0,5471 0,3784 0,2831 0,2220 0,1832
98,1 0,8780 0,5670 0,4033 0,3025 0,2437 0,2030
196,1 0,9198 0,5978 0,4300 0,3266 0,2667 0,2230
294,2 0,9731 0,6333 0,4553 0,3516 0,2860 0,2420
392,3 1,0440 0,6761 0,4898 0,3764 0,3060 0,2610
490,3 1,1270 0,7235 0,5228 0,4021 0,3300 0,2820
588,4 1,2270 0,7789 0,5602 0,4303 0,3530 0,3020
686,5 1,3370 0,8395 0,6042 0,4590 0,3780 0,3240
784,5 1,4620 0,9084 0,6505 0,4909 0,4060 0,3470
24 03—
D>10°, m*s™ —— i @-r)y101% m 0.0981 MPa
221 — 98.1 MPa
20 1 196.1 MPa
18 - 294.2 MPa
392.3 MPa
1,6 490.3 MPa
8.4 MPa
14 686.5 MPa
784.5 MPa
1,2 4
1,0 4
08
T.K
0,6 1 P, MPa 03 : ; ‘ ‘ ‘

0 200

Di0 on pressure at 298.15 K

400
Fig. 1 Dependence of ions diffusion coefficient
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Fig. 2 Polytherms (d —r;) for K* cation in water
at different pressures
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Fig. 3 Polybars (d —r;) for K* cation in water

at different pressures
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280 320 360 400
Fig. 4 Polytherms (d —r;) for alkali metal cations
in water at saturated vapor pressure

Table 4. — Temperature of transition (Tyans) from negative to positive hydration for K* cation

P, kr/cm® 0,0981 98,1 196,1 294,2 392,3 490,3 588,4
Ttrans, K = 320 = 330 = 348 = 354 = 373 = 393 =423
Table 5. —Pressure of transition (Pyans) from negative to positive hydration for K* cation
T,K 298,15 323,15 348,15 373,15 398,15 423,15
Piranss MPa - = 33 =229 = 392 =523 = 588

Discussion. When discussing the results of the effect
of pressure and temperature on the short—range hydration
of monatomic singly charged ions, the latter was
considered, following [1], not as the binding of a number
of solvent molecules by ions, but the effect on the
mobility of water molecules in their immediate
surroundings. Since we know little about the mechanism
of the effect of ions on the solvent, for clarity of the
model, we postulate that when a negatively solvated ion
(chaotrope) is placed in water, its radius remains equal to
the structural one (r;), and the ion shifts in a characteristic

time (t) by an amount of d less than its own radius d < r;.
If the ion was acted upon by a force retarding its motion,
caused only by the viscosity of the solvent, then in

accordance with the Stokes—Einstein law d= r;.
Consequently, a decrease in comparison with r; indicates
its additional inhibition.

An indirect confirmation of the latter is the increase
with increasing temperature for negatively solvated ions
(see Table 2). In this case, the value can reach the value of
its structural radius (Table 2, K" ion at T =348.15;
373.15; 423.15 K).

According to Samoilov [1], such an additional brake
is the spatial network of H-bonds in the solvent, which
inhibits (in the case of chaotrope ions,) the exchange
between the H,O molecules in the bulk and the primary

solvation shell (PSS), which actually causes a decrease. In
the case of negatively solvated ions, the ion—molecule
(IM) bonds are weaker than the molecule—-molecule (MM)
bonds [1]. In this case, the mobility of water molecules in
the PSS ion is accelerated. The acceleration of water
molecules by chaotropes, on the one hand, creates
favorable conditions for their free movement in solution,
and, on the other hand, the inhibitory effect of the
network of H-bonds in the solvent. As long as the

condition (H_ r)) <0 is observed for the ion, destruction
of the structure will prevail near the latter, and the process
of ordering of its molecules will prevail in the volume of
the solvent.

In the case of kosmotrope ions (a— r) >0, the IM
bonds are stronger than the MM bonds [2], while the
mobility of water molecules in the PSS ion slows down,

and the d value increases due to the effect of the H—bond
network on the exchange of water molecules. It is
interesting to note the opposite effect of chaotropes and
kosmotropes on the translational motion of water
molecules near ions and in its volume. Acceleration of the
mobility of water molecules near chaotropic ions leads to
their additional deceleration by the H-bond network, and
its deceleration under the influence of kosmotrope ions is
accompanied, on the contrary, by a weakening of the
inhibitory effect on the ion of the H-bond network.
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The opposite nature of the influence of temperature 8. Camoiinos O.4., Ceiiep A.JL. , HeBonuna H.A. Biusinne naBnenus
q th a t th f na ruapatanmio Na“ 1 K* B HEBOAHBIX pacTBOpax M3 JaHHBIX 110
and pressure on the ( - ri) parameter as the measure o anuabaTuyeckol cxumaemoctu. XK. crpykr. xumuu,1973. T.14, Ne
the influence of ion on the solvent is apparently 2.C. 360-361.
associated with their different effect on short-range 9. Camoiiios O.fl. KoopanHauMOHHOE 4HMCIO M TDPAHCIALHOHHOE
hydration, determined by the IM and MM interactions. In ﬂc?é(;ﬂfgg,;a?"; g Bcoizzxggzm‘)pa" aaeirponutos. Jlot. AH
the region of low temperatures, an increase in pressure, 10. Horne R.A. A modification of Walden’s rule appricable to the
like in temperature, has a destructive effect on the struc- electrical conductance of aqueous electrolytic solutions under
ture of water in solution, which is consistent with a chan- pressure. Nature, 1963. V. 200. P.418-419.
ge in the properties of water and aqueous solutions [10]. 11. Nakahara M., Shimizu K., Osugi J. lonic solutions under high
| q lusi di h presure. 1. Pressure and temperature effects on the mobilities of K
Our results and conclusions regarding the nature of and CI” ions. Rev. Phys. Chem. Jap.,1972. V. 42. P.12-24.
short-range hydration of singly charged ions are 12 Topsmux AL MonekynspHas HOABUKHOCTb H CTPYKTYPa BOAHBIX
consistent with the data of [20], in which a structural and cucrem: ABToped. wc. ... 1-pa xum. Hayk. Mocksa, 1974. 46 c.
dynamic study of aqueous clusters of Na*, K*, and Cs* 13. BL-llaVIn VI Vyun_yk- .M., .Lazareva Y.L _le'fusmn ar_1d
. . . . microscopic characteristics of singly charged ion transfer in
ions was carried out by molecular dynamics modeling. extremely diluted aqueous solutions. Ukrainian Journal of Physics,
The authors of [20] come to the conclusion that near the 2017. V. 62, Ne 9. P. 769-778.
K" and Cs® ions there is a significant increase in the  14. Bynasin B.L, B’iomx LM., Kpamapenko A.B., Pycinos O.I,
mobility of water molecules in comparison with the Na* MlltlaKOB B.O. .OCOGJ'I.I/IBOCTI BCTAHOBJICHHS OJIMKHBOT coan.aTauu
) ) ) . . ) ) 10HIB TETPAAIKUIAMOHIIO B PO3UYMHHHUKAX 3 MPOCTOPOBOIO CITKOIO
ion. The increase in mobility is associated with a larger Hoss'mscis. Bicmux HTY Xy, Cepis: Ximis, xiviuna
number of “bifurcate” bonds in the first hydration sphere TexHoJIOTis Ta exororis, 2020. Ne 1 . C. 28-32.
and in the intermediate region between the hydration 15 Jlapuonos OS.I K pacuery mnpenenbHoii dneKTpONpOBOXHOCTH
shells of K* and Cs* ions. In this case, according to [20], ”HH”B“Hyaﬂ;IHI’”‘CO‘K’E"gCCgPE B"‘°°"”f‘976Te;‘?pgT§p;" "
A . e ’ naBienusax. Uss. . Cep. xuMm., . Ne .3-9.
there is, as it were, a transfer of “bifurcate” bonds from 16. CmomsixoB b.C. IlpenenbHas dKBHBaJCHTHAs DJIEKTPOIPOBOTHOCTD
the first hydration sphere to the intermediate region when HOHOB B Boje Ipu Temneparypax 10 200 °C. Bectt. Xapbk. yH—Ta,
moving to clusters containing a larger number of water 1976. Ne 139: Bonpock! anexrpoxumun. C.37-39.
molecules. The very presence of «bifurcate» bonds js 17 Kpatkuil cupasousui  gusmko-Xumieckix semtdm. / AA.
) . ) ) Panens, A.M. [Tonomapesa. U3x—Bo Cren. Jlut., 1983. 232 c.
considered in this case as defects in the network of H- ;¢ Brosenxo BM., Typixos F0.B., Jlermun E.K. Tepmommmamuka
bonds, which create sufficiently large singly charged ions. JBYXCTPYKTYPHOH Mozielu Bofbl. I O CTPyKType TSuKelIoi BOMbL.
Summary. Chaotropes affect the water structure like K. ctpyktyp. xumun, 1966. T.7. C. 819-824.
temperature growth does, while the kosmotropes fKaM"““"B 04, H"“;gg;ﬁ C??‘;g”g%‘ge 0COBEHHOCTH BOJH.
. . .. .. . CTPYKTYp. XHMHH,, .T.6. C. —808.
influence is similar to the pressure rising effect. In Taiirep A., Pommixosa M.H., 3acsmiam C.A. CrpykTypoe 1
contrast to the temperature growing impact, an increase in JIMHAMHYECKOE MCCIE/IOBaHKe BOAHBIX KiacTepoB nonoB Na',K* u
pressure leads to a weakening of short-range solvation at Cs" XK. u3. xumun, 1995. T. 69. Ne7. C.1299-1305.
T>320 K.
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1 I.3E3EKAJIO, I'. A. JYMEHKO

MMPOBJEMU BUKOPUCTAHHS ITHEBMOPO3PUBY JIJII IHTEHCU®IKAIII BUTOBYTKY
BYIJIEBOJJHEBOI CHPOBUHM HA I'A30KOHJIEHCATHHUX POJIOBUILIAX YKPATHU

BucsitieHo cydacHuit ctaH HadTorasoBoi raiaysi YKkpaiHi Ta MOXKJIMBOCTI HapOIIEHHsI ByIJICBOAHEBOI 0a3u uepe3 BBEACHHS B PO3POOKY POJOBHIL 3
YIIITPHEHUMH  KOJIGKTOpaMH, sIKi MICTSTh 3Ha4Hi ra3oBi pecypcd. Po3risHyTo okpemi Meroau iHTeHCH(iKauil poOOTH CBEpAJIOBUH, SIKi
BUKOPHCTOBYIOThCSI B YKpaiHi, Taki 5K rigpaBiidHuid po3puB rmiacta ta Meron GasGun. HaBexeHo OCHOBHI iX HeqoiKu: HenepeadadyBaHi CUTyaLii
po3repmeTun3aLii BOJHOIO FOPH30HTY, BUKOPUCTAHHS BEIUKUX 00 €MIB BOIM, YTHJIi3allis TEXHOJIOTIYHOI BOJM, HEIOBHUH BHXIiJ PiIMHU PO3PHUBY 3
KOJIGKTOpa, HAOyXaHHs Ta TiJpaTallis [JIMHUCTHX CKJIAJ0BHX KOJEKTOPA, HEMOXIMBICTh BUKOPHCTAHHS MPU HAJBHCOKHX TEMIEPATypax i THCKax.
BuUCBITIICHO CBITOBI Cy4acHi TEXHOJOIii, OCHOBaHI Ha il IHEPTHUX Tra3iB Npu BUAOOYTKY BYIJIeBOAHIB. lIpoaHasi3oBaHO MOCHIMIKEHHS 13
3aCTOCYBaHHsI OE3BOJAHHX PO3PHUBIB MOPiA Ta MeTOAM iHTeHCHGIKALil 3 BHKOPHCTaHHSM IHEpTHUX ras3iB. IIpuBeneHO 3acTOCYBaHHS METOLY
MTHEBMATUYHOTO PO3YLIUIbHEHHS BYTiJIbHUX IUIACTIB B YKpaiHi 3 BUKOPHCTAHHSIM TOIKOBHX Ta3iB [UIsl BUBLIBHEHHsS METaHy Ta Aerasaiil BYTiIbHHX
mraxT. HaBenmeHo cydacHi DOCTIDKEHHS 3 BUKOPUCTAHHS PiIKOro a30Ty Ta 3piIKEHOr0 BYIJIEKHCIIOrO ra3y siK areHTiB PO3PHUBY MOPiJ 3 HU3BKUMU
(hinpTpaliiHO—€MHICHIMHE BIACTHBOCTIMU. HaBeeHO OCHOBHI mepeBari BAKOPHCTAHHS a30TY, 3PiPKEHOr0 Ta HAJAKPUTHYHOTO BYTJICKUCIIOTO a3y y
SIKOCTI areHTiB PO3YIUUTbHEHHS KOJEKTOPiB. 3alpoOMOHOBAHO MOCTIANTH METO] IMHEBMATHYHOTO PO3YIIUIBHEHHS Ha PIi3HHX 3paskax MOPOIH y
11a00paTOPHUX YMOBaX 3 BHKOPHUCTAHHSM DI3HHX arcHTIB Ta MOBEPXHEBO—AKTHBHHX DPEYOBHH, MigiOpaTé BiAMOBiZHI peareHTH Ta PO3POOHTH
TEXHOJIOT{I0 THEBMATHYHOTO PO3PHBY KOJEKTOPIB BYIJIEBOHIB SIK JCIICBLIOL Ta €KOJIOTIYHO Oe3MeYHO] albTepPHATHBH ICHYIOUHM METO/AM.

KurouoBi ciioBa: inTercudikaris; THEBMOPO3PUB; MiABUIICHHS HA)TOra30Bi[nadi; iHepTHI ra3u; a30T; BYTJICKUCIHIA Tas3.

H. TI. 3E3EKAIO, A. A. IYMEHKO

IMPOBJIEMBI UCITOJIB30OBAHU S ITHEBMOPA3PBIBA JIJIA MTHTEHCUOUKAIIUU JOBBIYHN
YIJIEBOAOPOJHOI'O CBIPbA HA I'A3OKOHJAEHCATHbBIX MECTOPOXJIAEHUAX YKPAUHBI

OCBeLICHO COBPEMEHHOE COCTOSHHME He(TEra3oBoi OTpaciu YKpaWHbl M BO3MOXXKHOCTH HapalllMBaHUS YIIICBOJOPOAHON 0a3bl M3—3a BBEACHHS B
pa3paboTKy MECTOPOXIECHHI C YIUNIOTHEHHBIMH KOJUIEKTOPAMH, KOTOpbIE COAep»aT 3HAaYHMTENbHBIE Ta30BBIE PeCypChl. PaccMOTpeHBI OTHenbHBIE
MEeTO/(bI MHTEHCU(UKAIMK PabOThl CKBaXKMH, KOTOPBIE HCIONB3YIOTCS B YKpamWHe, Takde Kak TMApaBIMYeCKUi pas3pelB IUiacta m Merox GasGun.
ITpyBeseHBl OCHOBHBIE MX HEIOCTATKU: HENPEABHICHHBIC CHUTYallMH Pa3repMETH3al[Md BOXHOTO T'OPH30HTA, WCIIONB30BAHHE OONBIINX OOHEMOB
BOJBI, YTWJIM3AIMsl TEXHOJOTMYECKOW BOJBI, HEMOJHBIM BBIXOJ JKHUAKOCTH pPa3pblBa W3 KOJUIEKTOpa, HaOyXaHWe W THAPATAMs INIMHHCTHIX
COCTABIISIOLINX KOJJIEKTOPA, HEBO3MOXKHOCTD MCIONIB30BaHUS TPU CBEPXBBICOKHX TEMIIEpaTypax M JaBieHUsAX. OCBEIIEHbl MUPOBbIE COBPEMEHHbIE
TEXHOJIOTHH, OCHOBAaHHBIC Ha [EHCTBHH HMHEPTHBIX Ta30B IIpH JOOBIYE YIJIEBOJOPOROB. IIpoaHainm3MpoBaHBl HCCIENOBAHHS IO NMPUMEHEHUIO
0E3BOAHBIX pa3pbIBOB MOPOA W METOABl HMHTEHCH(UKANWK C WCHONb30BAHHEM HHEPTHBIX TIa30B. [IpHBeAeHO NpPHMEHEHHE MeToxaa
ITHEBMOPA3yIUIOTHEHHS yTOJIBHBIX IUIACTOB B YKpaWHE C HCIIOJIb30BAHHUEM TOIIKOBBIX T'a30B JUIS BBHICBOOOXIECHHS METaHAa M JieTa3alliyl YrOJIBHBIX
maxt. IIprBeaeHsl COBpEMEHHBIE UCCIIEN0BAHUS 110 UCIONIB30BAHUIO JKUKOTO a30Ta U CXKM)KEHHOTO YIIIEKHMCIIOrO Ta3a B Ka4eCTBE areHTOB pa3phlBa
MOPOJ ¢ HU3KHMH (HIBTPAIIHOHHO—EMKOCTHBIMH CBOWCTBaMH. [IpHBEIEHBI OCHOBHBIE IPEUMYINECTBA HCIOJIb30BAHMS a30Ta, CXKIDKEHHOTO H
CBEPXKPUTUUYECKOTO YIIIEKHCIIOrO ra3a B KaueCTBE areHTOB Pa3yIUIOTHEHUS KOJUIEKTOpPOB. [IpeokeHo uccie1oBaTh METO I THEBMOPA3yIUIOTHEHUS
Ha pasHBIX 00paslax MOpox B JaOOPATOPHEIX YCIOBHSX C MCHOJIB30BAHHEM Pa3iIMYHBIX areHTOB M IIOBEPXHOCTHO—AKTHBHBIX BEIIECTB, OA00PATh
COOTBETCTBYIOIINE PeareHTHl M pa3paboTaTh TEXHOJIOTHIO MTHEBMOPA3phiBa KOJUICKTOPOB YITIEBOJIOPOIOB KaK JEMIEBOI M HKOJIOTHUECKH Oe30MmacHoM
aJbTEPHATHUBBI CYIECTBYIOIUM METOaM.

KiioueBnle c10Ba: HHTEHCH(HKALUS; ITHEBMOPA3pHIB; IIOBEIIICHAE HE(PTEra300TAaul; HHEPTHEIE Ta3bl; a30T; YIIEKUCIIBIH ra3.

. H. ZEZEKALO, H. A. DUMENKO

PNEUMATIC FRACTURING PROBLEMS FOR HYDROCARBON FEEDSTOCK PRODUCTION
INTENSIFICATION AT GAS CONDENSATE FIELDS IN UKRAINE

The current state of the oil and gas industry of Ukraine and the possibility of increasing the hydrocarbon base due to the introduction of fields with
compacted reservoirs, which contain significant gas resources. Some methods of intensification of wells that are used in Ukraine, such as hydraulic
fracturing and the GasGun method, are considered. Their main shortcomings are given: unforeseen situations of depressurization of the water horizon,
use of large volumes of water, utilization of process water, incomplete release of rupture fluid from the reservoir, swelling and hydration of clay
components of the reservoir, impossibility of use at extremely high temperatures and pressures. The world modern technologies based on the action of
inert gases in hydrocarbon production are covered. Studies on the application of anhydrous rock breaks and intensification methods using inert gases
are analyzed. The application of the method of pneumatic compaction of coal seams in Ukraine with the use of flue gases for the release of methane
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and degassing of coal mines is presented. Modern studies on the use of liquid nitrogen and liquefied carbon dioxide as fracturing agents with rocks
with low filtration—capacity properties are presented. The main advantages of using nitrogen, liquefied and supercritical carbon dioxide as reservoir
decompression agents are presented. It is proposed to study the method of pneumatic compaction on different samples of rocks in the laboratory using
various agents and surfactants, select the appropriate reagents and develop technology for pneumatic rupture of hydrocarbon reservoirs as a cheap and

environmentally friendly alternative to existing methods.

Key words: intensification; pneumatic fracturing; increased oil and gas recovery; inert gases; nitrogen; carbon dioxide.

IlepcriektBM  pO3BHTKY HadTOra3zoBoi  ramysi
VYkpaiHu B OCHOBHOMY OB SI3YIOTbCS 3 BIAKPUTTSIMHU
HOBHX POJOBHII BYTJICBOAHIB [1], a Hapa3i — BIOKPUTTIM
POZOBMI Ha BEIMKHX TJIMOMHAX, OCKIJIBKHM Ha TJIMOMHAX
1o 5000 M BenwKi Ta KPYyIHI POAOBUIIA HAPTH 1 Ta3y BxKe
pO3BiJaHi Ta 3HAXOAATHCS Ha 3aBEPLIAJIBHUX CTaIisX
po3pobku. Xoda TeosIOTIYHNH MPOTHO3, SIKHI CBOTO Yacy
O0yB BukoHauuil mans JI/13, momisrae y Tomy, 1o OJU3bKO
mie 40 % ByTIIeBOHIB € pecypCHAM HOTeHIIaIoM [2], ane
32 OCTaHHI AECSATh POKIB HE OYyJI0 BIJKPUTO KOIHOTO
BEJIMKOTO POJIOBHINA HA 3HAYHIN IIMOWHI, a yci BiIKPHTI
pPOIOBHINIA € APIOHUMHU UM HEBEIUKUMH 3a 3aracamu.
Tomy HapoIneHHS BYTJIIEBOJHEBOTO IOTEHIIANY CIiX
pO3MIIsIaTH  uYepe3 IpU3My 3acTOCYBaHHS BTOPHHHHX
METOMIB MiJBHUIIECHHS Ha(TOra30BUIYUIECHHS, BBEICHHS
e(heKTUBHUX TEXHOJOTiH PO3pOOKU MOKIIAAiB, OCOOIUBO
MOKJIAIB 3 BAKKOBHIOOYBHAMH 3amacaMi (IpeacTaBICHI
HU3BKONIPOHUKHUMH KoJieKTopam#u). PecypcHa 0aza rasy
VIIITPHEHUX KOJIEKTOPiB (Ta3 BYTUIBHHUX IUTACTIB, Ta3
LEHTpaIbHO-0aceliHoro Tuiy) B YKpaiHi 3a mpuOIH3b-
HAMHI 0OpaxyHKaMH CKiajgae Ommsbko 8 mupx. m°. Taxi
o0csirni He MOXYTh OyTH TPOIrHOPOBaHI Ta BUMAararoTh
PO3pOOKH 3aXOJiB, CIIPIMOBAHMX Ha OCBOEHHS IaHOTO
MEPCIIEKTHBHOTO PECYPCY BYTJICBOIHIB.

3HIKeHHs 1e0iTiB Ta 3arajoM MajiHHS BUIOOYTKY Ha
POMOBHINAX, IO 3HAXOAATHCS B OCBOEHHI, CIIOCTEPITaeThCs
gepe3 psa (paKTopiB: MOTIPIICHHS (iTbTparifHO—€MHICHIX
XapaKTepUCTUK KOJIEKTOpa Yy INpUBHOIiHIA 30HI miacra y
pe3yIIbTaTi KOJMBMATAIlii IUIacTa siK y Tporieci OypiHHA, Tak i
B IIpoLieCi eKCIUTyaTallil, 3aBOJHEHHs IUIacTa, BWIIAJIaHHS
KOHZICHCATY y PifKii (pa3i uepe3 3HIDKEHHS THCKY JI0 TUCKY
movaTky KoHmaeHcarrii Tomo [3, 15]. Lle Takox mpu3BOIHTH
JI0 HEOOXiTHOCTI MPOEKTYBAHHS TOJATKOBHX METOJIB JIii Ha
IUTACT 3 METOIO 301TBIIeHHS Ha(TO- 1 Ta30BiIadi.

A oTxe, 0cOONMBO aKTyaJbHUM IHMTaHHSIM ChOTO-
JIEHHS € BIPOBA/DKCHHSA CyYaCHHX METOJIB iHTeHCH(i-
Kaii po6oTH CBepAIOBHHU. TOMY METOIO JaHOi CTaTTi €
AQHAITHYHI JOCTIKeHHS e(eKTUBHOCTI Ta IOIUIBHOCTI
3aCTOCYBaHHS OKPEMHX METOJIB iHTeHcH(iKkalii BHUIO-
OyTKy BYTJIEBOIHIB.

Inrencudikaniss BumoOyTKy BYIJIEBOJIHIB BKIIOYAE
IIUPOKUN CIEKTP 3aXOMdiB: COJSTHOKHCIOTHY OOpOOKY,
KHCJIOTHI BaHHH, TEPMOKHCIIOTHY 00pOOKY, TiipaBiIiyHnAi
PO3pUB IUTACTA, TiAPOMCKOCTPYMHUHHY Tiepdopariiro, ado
K KOMIUIEKC HuX 3axoxiB. KoxkeH 3 nux meronis il Ha

IUTaCT  Mae CBOi  TepeBarm 1  HENONIKH  Ta
BUKOPHCTOBYETHCS 3 OISy Ha TEOJIOTIYHI yMOBH Ta
TEXHIYHHUHA CTaH OKPEMO B35TOI CBEPIOBHHHU.

OCHOBHUM MeTOJIOM iHTeHCH(IKal[i Ha CHOTONHI €
rigpopo3pus macta (I'PII), 3a HOOMOToI0 SIKOTO MOKHA
«peaHIMyBaTH» CBEpIJIOBUHM Ta BHBECTH X Ha BHCOKI Ta
cTabuIbHl nebiTh. Asre sk 1 koxkeH meroxm, I'PIT mae cBoi
CHTYAIIii

BOJTHOTO TOPHU3O0HTY, PO3TAIIOBAHOTO TOpyd [4, 14], Bemuki

HEJIONIIKK:  Herlepe0avyBaHi po3repMeTu3arii
00’eMH BOJM, HEOOXIIHI IS TiAPOPO3PUBY, OCOOIUBO TIPH
3acTocyBaHHi TexHOuOrii 00poOku «Slickwatery, yrumizaris
1i€i TEXHOJIOTTYHOI BOJIM, @ TAKOXK HETIOBHUI BHXIJ PiITUHU
PO3pHBY Ha ITIOBEPXHIO 3 KOJEKTOpa, IO B Pa3H 3HMKYE
edexrusHicte I'PII, HaOyxaHHs Ta rigparaiis TNIMHHCTUX
CKJIaZIOBUX KOJIEKTOPA.

AHaJIOTOM TiIPOPO3PHBY € CydacHa TEXHOJIOTis
GasGun, sxa Ha mpotuBary [PII € Oimpmr eKOHOMIYHO
BUTIIHUM 3aXOJIOM 3 iHTEHCH]ikaIli podoTH CBepIO-
BHUHH, aJIe HEIOIIKOM JaHOI TEXHOJIOTII € Te, 0 1i Mo)KHa
3acTocoByBaTHCS 10 rMOMH 5400 M npu MakcHMalbHil
temneparypi 140 °C. ToOTo mpu HassBHOCTI HAIBHUCOKUX
THCKIB 1 TeMIiepatyp Ha ruiomli TexsHosoris GasGun Oyze
Maoe(peKTHBHOIO.

Mertoro naHoi poOOTH € HayKOBE OOIPYHTYBaHHS Ta
po3poOKa METOLy THEBMOPO3PHBY BYTJIEBOJHEBOTO IITac-
Ta i3 3aCTOCYBAaHHSIM IHEPTHHUX ra3is.

3acTocyBaHHS Ta30MOMIOHMX AareHTIB IS PO3PHUBY
miacra € HaiOUIbII INEePCHeKTHBHUM HANpPsSMKOM 3
YJIOCKOHAJICHHS METOJIB Jii Ha IJIACT, a TAKOXK € HOBUM
s Ykpainu. Mae psig nepesar:

— BIICYTHICTP HEOOXITHOCTI yTHIi3amii BEIUKHAX
00’€MiB TEXHOJIOTIYHOI BOJH;

— JIeIIeBU3HA IIPU 3aCTOCYBaHHI IHEPTHUX rasiB;

— BIACYTHICTh PIWHH, IO JIMIIAETHCS Y KOJEKTOPI
ICIIST PO3PHUBY;

— 30inpimeHHss BUIOOyTKy uepe3 BmumB CO, Ha
MAaTpPHIIO TIOPOJIH.

Po0oTH 10 MTHEBMOPO3PHBY IJIACTa MTPOBOJUIMCS Y
Mexxax Ykpainu y 80-1i pp. XX cromiTrs npu aerasamii
ByrinpHMX IiacTiB Jloubacy. Tak, pobGoTu 3 mHEMO-
PO3YIIIGHEHHS. ~ BYTUIBHMX — KOJISKTOPIB ~ BENHCS  3a
JIOTIOMOTOIO CTIeIialbHUX Tiepdoparis, aje Takuii METOI MaB
PsII HEOJIIKIB, OCHOBHUM 3 SIKMX OYJIO 3aKauyBaHHS Y IUIACT
TOBITPSL, SIKE, 3’ €HYIOUNCh 3 METAaHOM BYTUIBHOTO IUIACTA,
YTBOPIOBaB BUOYXOHEOE3MEUHY CYMIIIL.
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Byno pospobneHo Ta 3amareHtoBaHo [5] Ouibin
JOCKOHAIHMH CIoci0  IMHEBMOPO3YIIUTBHEHHS  BYTUIBHIX
IIacTiB — OypiHHS 3 TIOBEpXHI KITBKOX BEPTUKAIBHUX
CBEpIUIOBHH, YTBOpEHHS Ha BHOOI TOPOXHWH, SKi
YTBOPIOIOTHCSI BUOYXOM UM CIIaIOBaHHAM 3apsiiiB BUOY-
XOBHX PEYOBHH, Ta HACTYITHE 3aKadyBaHHS Yepe3 HACOCHO—
KOMIIPECOPHI TPpyOHU 1HEPTHOTO ra3y y IUIacT JUIsl OJAJIbIIO]
nerasarii ByriipHuMX IDiactiB. JlaHuwid Metonm He motpebye
BUKOPHCTaHHS CHELIILHOTO repdopaTopa Ta MpOBEIEHHS
JOCIDKEHh 3 METOI0 BCTAHOBJICHHS OpI€HTAIli CTBO-
PIOBAaHOI WIUIMHK, & TaKOX HE BiOYBA€ThCS YTBOPCHHS
BHOYXOHEOE3MEYHOI ra30IOBITPSHOT CYMIIITi.

Takox &aHa TEXHOJIOTIS € IUIIXOM JUIA YTHITi3aIii
TOTIKOBHX Ta3iB, MO YTBOpOIOTECA mpu poboti TEC i
TEILl — cnamoBaHHS pI3HUX BHJIB TalHBa y CBOEMY
ckiani mae CO,, skuii i Moxe OYTH BHKOPHCTaHHM Y
SIKOCTI areHTy JJIs Aerasanii ByTrijIbHUX IUIaCTIB.

CpOroiHI MOCTIUKEHHS Ta BUKOPHCTAHHS ITHEMO-
po3puBy npoBoasatees y CHIA, Kanani, Kurai ta Pocii.

JlocnimKeHHs BIUTMBY T'a30BHX arcHTIB HA CHCTEMY
«nopoaa—diroiny Ta X 3acTocyBaHHS [MOYaJOCs IIE B
cepenuti Munyoro cromtrs [13].

3okpema, y Pansucerkomy Corosi ta CIIA BinOysa-
mucs pocnimkenns merony High—Energy Gas Fracturing
(HEG) me y 1960-70-x pp. sk J1abopaTopHO, Tak i y
cBepioBuHAx [6]. Lle cmemiansHO po3poOieHuit MeToxn
IMITYJIbCHOTO PO3pPHBY 3 BHKOPHCTaHHSM MPOIIEIICHTIB,
SIKMH 3aCTOCOBYBAaBCS Yy CBEpIJIOBUHAX Ha IPUPOIHHUNA
ra3. Ilpu 1bOMY BiZOYBA€THCSA YHMCICHHUH pamiaabHUA
PO3pHUB 1 yTBOpPEHI paliaibHi TPIIWHU MOEIHYIOTHCS 3
MPUPOTHUMH, 1[0 OCOOJIUBO €(DEKTHBHO Y TPILMHYBaTHX
KOJICKTOpax. BukopucToByBaBCS 1l MeTon IS
BUJIQJIEHHsT 3a0py/IHEeHb y NpHUBHOIMHIN 30HI ImacTa Ta
30UTBIICHHST IPOHUKHOCTI KoyiekTopa. Bix Bogroro I'PIT
BIJIPI3HSETHCSI OIJBIIOK EKOJOTIYHICTIO, MPOCTOTOK Y
peauizarii Ta eIICBU3HOIO.

Y Kanagi 3 80-Xxpp. MHUHYJIOIO CTOJITTA
3aCTOCOBYETBCS TEXHOJIOTISI PO3PHBY IMIHHOIO CYMIIIIIO
ByIJIEKKCIIOro rasy ta asory [7]. Ipu npomy pimvHa mis
po3puBY sIBISE COOOIO CyMIlI piIKOTO a30Ty UM
BYIJIEKUCIIOTO Ta3y, 3aryllyBadya Ta XiMiYHHUX pEarcHTIB.
[Ticnst Toro, sIK pigvHa pO3pHBY 3 POZKIMHIOIOYMM areHTOM
HaJIXOJIUTh Y IUIACT, PIIKMH IHEPTHUH Ta3 NEPeXOoauTh Y
ra3oBuii ctaH. Lleli MeTo1 0COONMBO MiIXOANUTH IS TIACTIB
3 HU3BKMM THCKOM 1 TIPOHUKHICTIO, 10 Yy TJIMBI 10 BOJH.

Y Kwurai Taki JOCHDKEHHS 3 Ta30BHMH areHTaMH
MOYMHAOTECS 3 1985 p. crodaTky B HEOOCaPKEHHX, a TTOTIM
y 00Ca/pKeHHX CBEpAJIOBHHAX. 3 IOYATKOM «CIIAHIIEBOL
peBoronii» y OKpeMux perioHax Kuraio BHHHKIA roctpa
HEOOXiJHICTh y Oe3BOAHOMY pO3pHBI IUIacTiB— Oyin

pO3BiZaHi BeNWKI 3amacW CIAHIEBOro rasy (Oam3bKO

31 tpnn. M® BumOGYBHEX pecypcis), ame Gpak Boxu Ta
TEOJIOTiYHI YCKIaTHEHHS HE MJO3BOJIIIOTH PO3MOYaTH
MacmTabHui BUA0OyTOK. TOMY 710 PO3pUBY 3aTydaroThCs
iHepTHI ra3u.

Tak, 3a pe3yinbTaTaMu JOCIIKEHb BIUIMBY 3piKe-
HOTO a30Ty Ha IMOpOXYy OYJI0O BCTaHOBJICHO, LIO 3pa3Ku
nopiz, sKi mijyaBaiucs oOpoOIl a30TOM, MarTh OLIBLIY
KPUXKICTh, OUIBIIY CTYyImiHP NOPYIIEHOCTI Ta OLIBITY
LIIJIBHICTD YTBOPEHUX TpimuH [§].

Y Pocii kimpka pokiB TOoMy Oyno po3poOiieHO
texnoJorito «Kpuo ®pakunry [9] — ue Bun 6e380HOTO
po3puBy 1iacTiB (cyxoro ¢pekinry ado cyxoro I'PII) i3
3aCTOCYBaHHSM 3p1UKEHOTO a30Ty.

Jlana TexHOJOTiS 3acHOBaHa Ha CHHTE3l IBOX
(GI3MYHMX SBULI KPIOCTaTUYHE PO3LIMPEHHS ILIACTOBOIO
¢umoimy mpu 3aMep3aHH] B MIKPOTPIIIMHYBATHX ITOPOIaX Ha
piBHI MaTpuil, 3 METOI pPyHHYBaHHS MIKKPHUCTAaJTIYHHX
3B’S3KIB 1 BUCHITAHHS TIPOIYKTIB OOPOOKU B YTBOPEHI MOPH,
TOOTO mpolec iHTEHCH(IKall TPILKH, TePMOAUHAMIUHE
PO3LIMPEHHS PIAKOro a30Ty, IO 3aMKHYTUH Ha BUOOI, MpH
M BIUIMBOM IIACTOBOI

BUIIAPOBYBaHHI TeMIIepaTypu

(manmit Tporiec CYTIPOBOJDKYETHCS IHTEHCUBHUM
3pOCTaHHSIM THCKY), 110 TPU3BOJMTH OO PO3BUTKY 1
PO3IINPEHHIO TPIIINH Y TOPOIi.

TexHouorist 6€3BOAHOTO PO3PUBY 13 3aCTOCYBaHHIM
3pI/DKEHOTO  BYIJIEKUCIIOTO Ta3y € aIbTepHATHBOIO
tpaauuiiinomy ['PI1 pu po3KkpHTTI CiaHIEBHUX MOPIiJ, TakK
SK BOHM MICTATh BEJIMKY KUIbKICTh TJMHHCTOTO
Mmarepiany, cxuimbHOrO g0 HaOyxamus [10, 16, 17, 18].
Ilpn mpoMy ByrJIEKHMCIMH Ta3 BBOJAWTHCS Y IUIACT Y
3pi/KEHOMY BHWIJISII, @ BHHOCHTBCS Y TIa30MO0/Ai0HOMY
crani. lle [03BONSIE TPUIIBHAIIUTH BHHIC PiIWHA
PO3pHBY 3 IUIacTa, He JOMYCTUTH OJIOKYBaHHS TPILHH
PIAMHOIO pO3PHBY, 3MIHM 3MOYYBAHOCTI IOPOIU Ta
noripueHHs QinpTpaliifHuX BIACTUBOCTEN KOJIEKTOPA.

[Ipu Buxopucranni 3pimkeHoro CO, € Kinbka
Ba)XJIMBUX II€pEBar:

— BUKOPUCTOBYEThCSI Oe3BogHA (haza — PpIIHHOIO
po3puBy € 100 % pigkuii mioKCHJ BYIJICHIO, IO HE
3aKyIIOPIOE TUIACTH 1 TPIIINHH;

— 32 paxXyHOK Teru1o00MiHy 1 audy3ii micist po3puBy
pinkuit CO, mBHAKO BUHOCHTBCS y ra3oBiil ¢asi, Hemae
3JTMIIIKOBOI PiAMHU T1APOPO3PUBY Yy IJIACTI,

—y TOpIBHSHHI 31 3BHUYAHOIO PiIMHOIO PO3PHBY,
4ac BUHOCY CKOPOYYETHCS, a OTKE BAPTICTh OOIaHAHHS
JUIL BUHOCY 3HMXKYETBCS, 1 HE IOTpPiOHE OUYMIIEHHS
BHHECEHOI PiJUHH.

TexHoOTisI pO3pPUBY 3 BUKOPUCTAHHSIM HaJKPUTHY-

Horo CO, po3pobneHa kutaiicbkuMm BueHUM IlleHb

po3puBy
BiIOyBa€ThCA TPU THCKY, a 9acToO 1 TeMmmeparypi, sKi

WxyHnxoy. Buxopucranus Takoi pinuHH
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Bullle KpuTHyHuX mnapamerpiB it CO,. YV 1pomy
Jiama3oHi TPH IMIBUINEHHI THUCKY 30LTBIIYETHCS MIUTH-
Hicte CO,. [Ipu npomy BiaacTuBocti HagkpuruuHoro CO,
3HAXOMATHCS MIDK BIACTHBOCTSAMHM pIOWHA Ta  rasy.
Hapkputnunuii CO, Mae 3AaTHICTh 10 OLTBII IIBHIKOTO
MacOBOTO IepeCcyBaHH i Ma€ OUIBII BHCOKHMHA Koe(illieHT
mudysii. [Nepexinm MIOKCUAY BYTJICIIO B HAJKPUTHYHUI
CTaH BigOyBaeTbCI TIPH JOCHUTH
(7,38 MIla) i remmeparypi (31,04 °C).

€ psin epeBar y BUKOpPHUCTaHHI HamkpuTuaHoro CO;:

HU3BKOMY THCKY

—TIIpH PO3pUBI HE BUKOPHCTOBYETHCS BOAA, LE
JIOTIOMAarae TOAOJIATH YYTIUBICTh TIIMHUCTHX MiHEpaliB
JI0 BOJIM 1 3a1100IrTH KOJIbMaTallii KOJIEeKTOPiB;

— HU3bKa B’A3KICTh, BUCOKHU KoedimieHT mudysii,
MOBEPXHEBUI Hatar Onu3pkuil 10 Hynda. Tomy y
By3bKOMY TpocTopi Hagkputnuauii CO, MOXe CTBOPUTH
Ol e(peKTHBHI MIKPOTPIIIMHH, TEPEMICTUTH METaH 3
TIOp 1 TPIIIUH, TiABUIINTH Ta30BiAaqYy;

— HU3LKHI nopis,
CKOPOYYIOTHCS

nopir

pO3pUBY
TEPMIHHU — CIIOCTEPITAEThCS 3HAYHA CKOHOMIsI KOIIITIB;

TUCKY pYyWHYBaHHSA
MIBUIKICTD T ABUIIYETHCA,
— GKOHOMisI BOJHHX pECypCiB— TEXHOJIOTiS He
notpedye HasIBHOCTI BOJIH;

pO3pHUBY CO,

€KOJIOTTYHO CIIpUATIMBA, TaK K Yy IUIAaCT HE BBOIATH

— TEXHOJIOTis HaJIKPUTHYHAM
HISKAX XIMIYHHX 100aBok, Monekynmun CO, 3aiimMaroTh
BuxizgHuit npoctip Monekyn CH, i 3aXOpoHIOIOTBCS B
IIIJTHUX HU3bKOTIPOHUKHUX CIIAHISX.

A oTxe, IpU IHEBMOPO3PHBI OKPIM EKOHOMI4HOT
BUTOJIM, EKOHOMIil 4Yacy TakoXX MOXE BHPIIIyBaTHCS
MUTaHHS CEKBECTYBaHHS BYIJIEKUCIOIO ra3y y MacuBi
mopoyu [11] 1 3MeHIIeHHs HoTo KUTBKOCTI y atMocdepi Ta
MOM’SIKILICHHSI TAPHUKOBOTO eheKTy.

HeranpHa iHQOpMaIS TPO AOCHIIKEHHS, MIO0
NOB’si3aHi 31 3pPiJPKEHUM a30TOM/BYIJIEKUCIMM Ta30M i
MIPOBOIATHCS 3apYOIKHUME HATOTa30BUMHU KOMIIaHISIMH,
Y BIIKPUTOMY JIOCTYIl NpPaKTHYHO BiJICYTHi. € Jmiue
oOMeKeHI JaHi TpO [iSUTBHICTP B IBOMY HAINpPIMKY
kommanii «Halliburtony i «AirProducts.

BunpoOyBaHHs JaHUMH KOMIAHISIMH HPOBOJIMIINCH
Ha claHleBux mractax pomosuml Grundmann, Rodvelt.
OCHOBHMM HamnpsSIMKOM JOCIIJUKEHb € pPO3pHB IuIacTa
pIAKMM a30TOM, B TOMY YHCII CJAaHIEBUX IMOpim, 3
HU3BKUMHU (DUIBTPAllifHO—€MHICHUMH BIIACTUBOCTSMH, Y

BUCH&)XEHMX TIa30BUX KOJEKTOpPaX, B perioHax 3
BIZICYTHICTIO BOJHHMX pecypciB 1  HEpO3BHHEHOIO
1HpPaCTPYKTYpOIO.

AmHanoriydi poOOTH TPOBOJWIMCS areHTCTBOM

«RPSEA» (mpoekt «Coloradoy») muisixoM 3akadyBaHHs
pimKoro a3oTy B CBEpIOBHHY B 1Ba eTarnu. L[inb mpoekTy
«Colorado» Oyna gocsarHyTa, BILUIMB DIiJKOrO a30Ty B

wiacti Ta MOro 3IaTHICTb OO0 PpO3pUBY Iulacra
T ATBEP AAIIHCS. Bymm 3aIUIaHOBaH1 OB LI
exkcriepuMeHTH y 2015 pomi 3 BHKOpPHCTaHHSIM

oOagHaHHSA 31 CIEIiabHUX CTalell 1 TepMOi30IALiHHIX
MarepiaiiB, pe3yibTarTiB M0 IUX JOCTIIPKEHHSIX MOKH IO
HE BUSBIICHO.

JocnimxenHs 13 3actocyBanusaMm CO; BinOyBanucs
takok 'y Kwrai y 2019 poui [12]. Ha mnpukmami 5
CBEp/UIOBMH TpPHU MOJBOBUX  JOCIHDKEHHSIX  OyIo
MIPOJIEMOHCTPOBAHO €()EKTUBHHUN PO3PHB Ta YTBOPEHHS
3MIlIaHUX TPILIMH, IO 00 €THAINCS Y CKJIaIHI CUCTEMH,
Ta 30iMpIIeHHs BUIOOYTKY IIibHOI HadTH y 4—20 pasis.
IIpu mpomy CO, po3unnsieTbcs y HadTi i 3MeHHIye il
B’SI3KICTh, CHpHWSIOYM KpamoMy MpPHTOKY OO0 BHOOIB
CBEP/IJIOBHH.

Hemonasao mpoekrom CCS Boundary Dam Ta
mpoektoM CCS Petro Nova Oyio mpojeMOHCTPOBAHO
BioBmoBaHHA CO, 3 IPOMHUCIOBHX Ta30BHX BIIXOIIB Y
MacmTadi MiJbHOHY TOH B piK. 3aTpaTH Ha BIIOBIIIOBaHHS
MOJKHa HIBEIOBATH MPU BHKOPUCTaHHI IBOTO Tazy y

SIKOCTI areHTy ITHEBMOPO3PUBY KOJIEKTOPIB BYTJIEBOIHIB.

Buxomsun 3 TpeaCcTaBIEHHX — JaHMUX — MOXHA
TOBOPUTH HE TUIBKM TMPO  3POCTaHHS IHTEpECy
HApTOra30BUX KOMMAHIH [0 HOBHX  TEXHOJOTiH

MiZBUINCHHS 1e0iTy, ajne i JO MIMPOKOr0 3aCTOCYBaHHS
IHEepTHHX Ta3iB SIK areHTiB iHTEHCHU]IKaIii mpu po3pooii
BYTJIEBOJHEBUX POAOBHIIL.

BucnoBkn. IlincymoByioun HaBeaeHe BHUINE, HAMHU
BCTQHOBJICHO, 110 TpaauuiiHuid merox [PIT  nmis
pan
BOXJIMBUX HENOJIKIB (JIOpOrOBapTICHICTh, HEOOXIIHICTh

PO3YIIUTFHEHHST KOJICKTOPIB  BYTJICBOJHIB Mae
y BEJMKHX 00’€eMax BOAM, KOJbMarallis Iulacta MpH
HasIBHOCTI IIMHUCTOT (pasu, HeJIOUIIBbHICTh BUKOPUCTAHHS
IIPU HU3BKHUX IUIACTOBUX THUCKax, EKOJIOTIUHI PH3HKH).
3actocyBanHsi TexHosorii GuSGUN MoXkJMBE JHIIe Y
HEYCKJIQJIHEHUX TEOJIOTIYHMX yMOBaX, IO Maibke
HeMOXJIHBO it JI/[3, OCKUTBKH OLIBIIICTh CBEPAJIOBUH
OypuThCS Ha 3HAYHY IJIHOWHY, J€ CHOCTEPIraroThCs
HasiBHiCTh ABIIT Ta BuCOKHX Temmeparyp. JlemeBmoro
Ta OIIBII EKOJOTiYHO Oe3NEeYHOI0 AIbTePHATHBOIO
PO3YIIUTFHEHHS HIUIFHUX KOJIEKTOPIB BYTJICBOJHIB MOXKE
OyTH THEBMOpPO3PHB IUIACTA 3 BUKOPHCTAHHSIM 1HEPTHHUX
ra3iB Ta BIOBIIOBAaHMX IMMOBHX Ta3iB, IIO0 CYTTEBO
3MEHIINTH €KOJIOTIYHE HAaBaHTAXXEHHs Ha aTMocdepy.
MeTol0  MOAANBIIMX  JIOCHI/PKEHb  I[OCTAaBJICHO
ONPAIFOBAHHSI Psi/ly HEBUPIMIEHHUX ITUTaHb MPH 3aCTOCYBaHHI
ITHEBMOPO3PHBY IIACTiB—KOJeKkTopiB. Ha Ham morsig
JIaHWI MeToJ1 IoTpedye PO3pOOKH 1HAMBITYaIBLHOTO MiIXOLY
JI0 KOXKHOTO POJIOBHINA 1 CBEPUIOBHHH, Ta, OCOOJUBO, IO
KOXKHOI OKpPEMO B3fITOi T'e€0JIOrO—IpPOMHMCIIOBOI CHUTYyaIlil.

3BayKarouu Ha IIe, TUIAHYETHCS TPOBEICHHS TOCIIKEHb 13
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3aCTOCYBaHHS ITHEBMOPO3YIIUILHEHHS y J1a00paTOpHHUX
yMOBax Ha pI3HHX 3pa3Kax MOpiJ, BUKOPHUCTAHHS MPH
JTAHOMY METO/i TOBEPXHEBO—AaKTUBHHX pEYOBUH Ta

IHIINX  are’TiB 1 JOCHiPKeHHS IX BIUIMBY Ha
Ha(TOra3oBiIavy Mopija, miadip pearcHTiB Ta po3podka
1 BIPOBAKCHHS TEXHOJIOT1] ITHEBMOPO3PUBY IS OKPEMO
B3ATOT'O POJIOBHIIA.

OdeBHIHO, IO MEXKi 3aCTOCYBaHHS THEBMOPO3PHUBY
OyIyTh OKpPECIIIOBAaTHUCS CTBOPEHHSM pEAJIbHUX THCKIB
pO3pHBY IUIACTIB 3a JOMOMOTOI0 Cy4YacHOI TEXHIKH i3
3a0e3neueHHsM  0Oe3aBapiiHOCTI  MPOBEJCHHS  JaHOI
omeparii Ta 3arajgom Oe3neyHocTi. ToMy omHi€ero i3 3ama4
JIOCHI/DKEHHSI TaKOXX € BHU3HAYEHHS €()EeKTHBHUX MEX
3aCTOCYBaHHS METOJY ITHCBMOPO3PHUBY 31 BCTAHOBJICHHSAM
KPUTHUYHO MOKJIMBOT FJ'II/I6I/IHI/I, BU3HAYCHHA TUITY
KOJIEKTOpA, IKUI Oyae HaiOLIpm eeKTUBHO TiATaBaTHCS
HHeBMOpO?)yH_[iJ'H)HeHHIO, a TaKOX BU3HAUYCHHA
KPUTHYHUX THUCKIB 1 TeMIieparyp, IpH SIKHX JaHUH METOJ
Oyze mieBUM 1 Oe3MCUHUM.

Ha ocHoBi oTpuMaHuX pe3ynbTaTiB OyAe BHBEICHO

10.

11

12.

13.

14.

15.

16.

fryeking.html (nara 3Bepuenns: 23.02.2019).
Iy IIun. Paspaborka
TH/IPABJIMYECKOr0 pa3pbiBa IUIACTa JUIs JOOBIYM CIAHLEBOTO rasa:

METOAMKH  BBIOOpAa  TEXHOJIOTH
JccepTalys Ha COMCKAaHME YYEHOHM CTENEeHM KaHJA. TEeXH. Hayk:
25.00.17. Mocksa, 2017. 167 c.
Kaypman. JLJI., Kyngeipkaes H.U., JleicukoB B. A. JloObrua
CIIAHIIEBOTO ra3a: 0030p 3apy0eXHOro ombiTa [MoHOrpadwus] / moa.
o6m. pen. JI. JI. Kaydmana. Jlonenxk : Joubacc, 2011. 262 c.: puc.
X. Song, Y. Guo, J. Zhang. Fracturing with Carbon Dioxide: From
Microscopic Mechanism to Reservoir Application. Joule, V.3,
2019. P. 1913-1926.

Bullen, R.S.; Lillies, AT. ( to L HB Investment Inc ). Carbon
dioxide fracturing process and apparatus. US Patent 4,374,545. 22
Feb 1983. Priority date 28 Sep 1981, Canada , vp . PAT — APPL —
337743.

Kouepruax M.A. TexHomorn4eckue MOAXOObI K pa3paboTke
pecypcoB cranieBoro raza / M.A. Koueprun // Hayka. TexHuka.
TexHomoruu (MONMUTEXHUUECKHUiT BeCTHUK), Ne 3, 2018. — c. 158-178
/ Hay4YHbIH MyJIbTUAUCIMIUIMHAPHBIHA )KypHAIL.

€rep H.0. BB crany QinbTpamiiiHOl XapakTepUCTHKH IIPH
BUOIITHOI 30HH OaraTomapoBHX IUIACTIB Ha €PEKTUBHICTH PO3POOKH
HadToBHX i TasoBux pomosmut / JO. €rep, L. Pu6uny. — JIbsis:
Jlira—TIpec, 2003. — 116 c.

Rogala A, Krzysiek J, Bernaciak M, Hupka J. Non-aqueous
fracturing technologies for shale gas recovery. Physicochemical

MiZICYMOBYIOYi  KpUTEpil C(PEKTHBHOCTI 3aCTOCYBaHHS Problems of Mineral Processing, V. 49 (1), 2012. P. 313-322.
METOJy TTHEBMOPO3PUBY IIIBHHX TIOPi/i-KONEKTOPIB Ta 17. CO; as-a fracturing fluid: Potential for comme.rualfscale s_hale gas
production and  CO,sequestration  /Richard  Middleton,

PEKOMEHAIIH MO MOJANBIIOMY BIPOBAHKCHHIO IaHOTO
METOAy y TpakTHYHE 3aCTOCYBaHHA Ha HA(TOTa30BUX
ponoBULIAX.
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O.B. CABBOBA, I . K.BOPOHOB, C.0.PABIHIH, O.1. PECEHKO, /I.B.CBILL|OB

OCOBJIMBOCTI CTPYKTYPOYTBOPEHHS CIIOAYMEHBMICHHUX CKJIOKPUCTAJITYHUX
MATEPIAJIB IICJIA TEPMIYHOI OBPOBKH

BusHaueHO NepCIeKTHBHI HAPSIMKH 3aCTOCYBAHHS CIIOTYMEHBMICHUX CKIIOKPHCTAJIIYHAX MaTepialliB B PI3HHUX raly3sX HayKd Ta TEXHIKH, 30KpeMa,
JUISL TIiABUIIEHHS 000POHO3IaTHOCTI JepkaBH. BU3HaueHO aKTyalbHICTh PO3POOKY MOJICTIIIEHUX BHCOKOMIIHHUX CHTANIB Ha iX OCHOBI 3 ypaxyBaHHIM
aCIIeKTiB €Hepro30epexeHHs Il Oflep KaHHs OpoHeeleMeHTiB. BCTaHOBICHO MepCIIeKTHBHICTE 3aCTOCYBaHHs [U—CrIeKTpOCKOmii sl TOCHiIKEHHS
HAHOCTPYKTYPH CKJIOKPUCTAIIIYHUX MaTepianiB. Po3pobeHo cxiaau miTiamoMOCHIIKATHAX CTEKOI Ta PeXXUMH X TepMiuHOI 00poOku. JlociimkeHo
0COOIMBOCTI CTPYKTYPOYTBOPEHHS CIIOAYMEHBMICHUX CKJIOKPHCTAIIYHUX MaTepiaiiB, sIKi OTPUMaHO B yMOBAaX JBOCTaiiHOI HU3bKOTEMIIEPATypHOI
TepMidHOI 00poOKH. 3 ypaXyBaHHAM aHANi3y XapakTepy Y—cHekTpiB JaHIIOTOBHX CHIIIKATIB JOCTIIKEHO CTPYKTYPY CKIOKPHCTAIIYHUX MaTepialiB
3a maHuMU [Y—CcrieKTpiB Ta BCTAHOBIIEHO XapaKTep CTPYKTYPOYTBOPEHHS B 3aJIeXKHOCTI BiJl BUXITHOTO CKJIaLy ckia. BeraHoBieHO, mo GopMyBaHHIO
CTpYKTypHOI ciTkm ckima 3a ydactio terpaeapiB [AlO,], [BO4] ta [SiOs] Ta HasBHicTE cuboTakcmunux rpyn [Si206] mo3Boisie B ymoBax
JIBOCTaJiHHOI HHU3bKOTEMIIEpaTypHOI 0OpoOKM 3abe3nednTH 00’€MHY KpHUCTANi3allil0 CIOXYMEHBMICHHX CKJIOKPHUCTAIiYHUX MaTepiaiis.
BcranosieHo, mo (GopMyBaHHS CHTali30BaHOI CTPYKTYpPH CKJIOKPUCTATIYHHX MaTepialiB N03BOJsI€ 3a0€3MEYUTH iX BHCOKI 3HAUCHHS MOKAa3HHKIB
TBEpOCTi 3a BikkepcoM, MIKpOTBEpAOCTI Ta IOKAa3HHKY TPIIIMHOCTIHKICTI Ta NOpsAA HAasABHICTIO ckiogas3d, ska BHKOHYE poib JaeMidepy,
3a0e3meunTH iX BHCOKY OpoHecTiiikicTh. lle mimBHIMTG e(eKTHBHICTH Ta IO3BOJIMTH BHKOPHUCTOBYBAaTH iX B SIKOCTI €HEpropyHHYIOYOro Ta
€HEpProNOIINHAIOYOr0 IIapy Yy KOMIO3MIII OpOHEENIeMEeHTY «MeTalleBUH CIUIaB — KepaMika — CHUTa».  BIpoBa/pKeHHS CIOXYMEHBMICHHX
CKJIOKPUCTATIYHUX MaTepialiB JJO3BOJIUTH IiJABHIIUTH KOHKYPEHTO3aTHICTh KOHKYPEHTOCIPOMOXHHX BITUM3HSHHX OpOHEEIEeMEeHTIB Il
IHIUBITyabHOTO 3aXHCTY.

Kuio4oBi c10Ba: crioyMeHBMICHI CKIOKPHCTANIYHI MaTepialld, CTPYKTYpOyTBOPEHHS, iH()padepBOHa CIIEKTPOCKOIIIsl, CIIOTyMEH.

O.B. CABBOBA, I . K.BOPOHOB, C.O.PABIHIH, O.1. ®ECEHKO, /I.B.CBIII|OB

OCOBEHHOCTH CTPYKTYPOOBPA30BAHUSA CIIOAYMEHCOAEPKAIINX
CTEKJIOKPUCTAJIUIMYECKHUX MATEPHUAJIOB ITOCJIE TEPMAYECKON OBPABOTKH

OmnpeieNieHbl MEPCIEKTHBHBIC HAIPABICHUS NMPHMEHEHHUs CIIOAYMEHCOACPIKAIINX CTEKJIOKPHCTAINYECKUX MAaTEpUaIoB B Pa3IMYHBIX OTPACisiX
HayKd M TEXHHMKH, B YAaCTHOCTH, IS IMOBBIIIEHHS OOOPOHOCHOCOOHOCTHM TrocynapcTBa. OmpeneneHa aKTyalbHOCTh Pa3paOOTKH OOJIEr4eHHbIX
BBICOKOIPOYHBIX CHTAJUIOB HA MX OCHOBE C YUCTOM acIeKTOB SHEPTrocOEPeKEHHs UL MOyYCHUsI OPOHEIIEMEHTOB. Y CTAHOBIICHO TIEPCIEKTHBHOCTh
npumeHenns MK-crnekTpockonmuu s MCCIEJOBAaHUS — HAHOCTPYKTYPHI — CTEKIOKPHUCTALIMYECKHX — MaTtepHanoB. PaspaboTaHbl  cOCTaBBI
JIUTUHATIOMOCUIIMKATHBIX ~ CTEKOJI M PEKUMBI  HMX  TepMHuYeckod oOpabOorku. McciemoBaHbl  OCOOEHHOCTHM — CTPYKTYypOOOpa3oBaHHUS
CIIOAYMEHCOEPKAIIMX CTCKIOKPUCTAUIMYCCKHX MaTepHaloB, MONYYCHHBIX B YCIOBHSX JBYXCTAQJMHHON HU3KOTEMIICPATYypHOH TEPMUUYECKON
o6pabotku. C yderoMm aHammsa xapaktepa MK—CrekTpoB LEMHBIX CHIMKATOB HMCCIIEOBAaHA CTPYKTypa CTEKIOKPHUCTALIMYECKHX MAaTepUajoB IO
naHHbIM MIK—CIIeKTpOB M YCTAaHOBNEH XapakTep CTPYKTypoOOpa3OBaHMS B 3aBUCHMOCTH OT MCXOJHOTO COCTaBa CTEKIA. YCTaHOBJIEHO, 4TO
(hOPMHUPOBAHHIO CTPYKTYPHOIA CETKH CTEKIIa ¢ yudactueM TeTpasapos [AlO,], [BO4] u [SiO4] u Hannune cuborakcuueckux rpymi [Si,Og] mo3sonser B
YCIOBHAX  JBYXCTaJMMHOW  HU3KOTEMIEpAaTypHOH  00paboTku  obecneyuTh  OOBEMHYIO — KPUCTAJUIM3ALMUIO  CIIOJYMEHCOJEpIKalux
CTEKJIOKPUCTAUIMYECKIUX MaTepUaoB. YCTaHOBIICHO, 4YTO (HOPMHPOBAHHE CUTAIM3HPOBAHHON CTPYKTYPHI CTEKJIOKPHCTAUIMYECKUX MAaTEpHaIoB
M03BOJISCT 0OECIICUUTh UX BBICOKHE 3HAUCHHS ITOKa3aTeleil TBepAOCTH 1Mo BUKKepCy, MUKPOTBEPOCTH | MOKA3ATENI0 TPEIIHHOCTOMKOCTH U PAIOM
HaJTMYIHeM cTekiIodasbl, KOTOpas BBITOIHSIET Poiib Aemidepa, 00eCeYnTh HX BRICOKYIO OPOHECTONKOCTh. DTO MOBBICUT 3()(HEKTHBHOCTD U MTO3BOJUT
UCHOB30BaTh MX B KAa4eCTBE 3HEPropaspylIalomiero M 3HEProNOrJOMIAIOIEro CI0S B KOMIIO3MIMM OpOHE3TeMEHTa «METaUIMYeCKUil CIUIaB —
KepaMHKa — CHTaUD». BHempeHHe CIOAyMEHCOACPXKAIIMX CTEKIOKPUCTAIINYECKUX MAaTepUajoB IIO3BOJIMT MOBBICHTH KOHKYPEHTOCHOCOOHOCTH
KOHKYPEHTOCIIOCOOHBIX OTEYECTBEHHBIX OPOHEENIEMEHTHB [UIsl HHMBHYaIbHON 3aIlUTHI.

KiroueBble €JI0Ba: CIIOAYMEHCOJEPXKAIINE CTEKJIOKPUCTAIUIMYECKHE MaTepHAIbI, CTPYKTYpooOpa3oBaHHe, HH(QpaKpacHas CIEKTPOCKOMHMS,
CIIOAYMEH.

0. SAVVOVA, G. VORONQV, S. RIABININ, A. FESENKO, D. SVISHOV

FEATURES OF THE STRUCTURE FORMATION OF SPODUMENS-CONTAINING GLASS-

CRYSTAL MATERIALS AFTER HEAT TREATMENT
The promising areas of application of spodumene—containing glass—crystalline materials in various branches of science and technology, in particular,
to increase the defense capability of the state, have been determined. The relevance of the development of lightweight high—strength sitalls based on
them, taking into account the aspects of energy saving for obtaining armored elements, has been determined. It has been established that the use of IR
spectroscopy is promising for studying the nanostructure of glass—crystalline materials. The compositions of lithium aluminum silicate glasses and the
modes of their heat treatment have been developed. The features of the structure formation of spodumene—containing glass—crystalline materials
obtained under the conditions of two-stage low-temperature heat treatment have been investigated. Taking into account the analysis of the nature of
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the IR spectra of chain silicates, the structure of glass—crystalline materials was investigated according to the IR spectra and the nature of structure
formation was established depending on the initial composition of the glass. It has been established that the formation of a structural glass network
with the participation of tetrahedra [AlO4], [BO4] and [SiO4] and the presence of cybotaxic groups [Si,Og] allows, under conditions of two—stage low—
temperature treatment, to provide bulk crystallization of spodumene—containing glass—crystalline materials. It has been established that the formation
of the vitrified structure of glass—crystalline materials allows to ensure their high values of Vickers hardness, microhardness and crack resistance and
by the presence of a glass phase, which plays the role of a damper, to ensure their high armor resistance. This will increase the efficiency and make it
possible to use them as an energy—destructive and energy—absorbing layer in the composition of the armor element «metal alloy — ceramics — sitall».
The introduction of spodumene—containing glass—crystalline materials will increase the competitiveness of competitive domestic armored elements

for personal protection.

Keywords: spodumene—containing glass—crystalline materials, structure formation, infrared spectroscopy, spodumene.

Beryn. JlocnmipKeHHST CTPYKTYPH CKIOKPHUCTAaTiYHHX
Marepianie (CKM) Ha cragisx (a30yTBOpeHHS B Tporieci
TepMiuHOT OOpPOOKM € BHMKIIOYHO BKIMBUM €TaIllOM

e(pCKTUBHOTO TPOCKTYBAHHS CHTAJiB, OCOOJMBO Ha
MOYaTKOBMX  eramax  3apojakoyTBopeHHs. Came 3
ypaxyBaHHAM  JIOIUIBHOCTI  BHOOpY ckimamiB CKM
(dbopMyBaHHS 3apOJKIB € HACTYIIHOK BH3HAYAJIHHOIO

CTaJIi€I0 YTBOPEHHS CUTAJII30BAHOI CTPYKTYPH 3 BU3HAYCHUM
XapakTepoM Ta BMICTOM KpHCTIYHUX a3, sKi Yy
MO/IANIBIIIOMY BH3HAYAIOTh BJIaCTHBOCTI MaTepianis [1, 2].

3actocyBanHsi |U—cnektpockomii €  HaObII
e(eKTUBHIM METOJIOM JOCTI[KEHHS HAHOCTPYKTYpH
CKM, ska ¢GopMyeTbCs BXKE B MPOIECI OXOJIOMKCHHS
pO3IUIaBy CKJa Ta CAMOOPTaHi3ye€ThCs MPU TEPMIiuHii
00pobmi. InenTudikailist y po3IuiaBi micias 0X0JIOMKCHHS
CHOOTaKCHYHHUX TpPYH, SKi BiANOBIZalOTE MOPQOIOTIi

3a7aHoi TBepAoi (a3u, J03BOJUTH BU3HAYUTH XapakTep

KpUCTamizamii 3a CcMyramMd TIOTJIMHAHHS — CIIEKTPiB
KOJIMBAHHS HAHOCTPYKTYp [3 —8].
JocmipKeHHsT  CTPYKTYpHU CKJIOKPUCTAIIIYHUX

MmarepianiB 'y cucremi Li,O-Al,03-SiO, € ocHOBHOIO
3a[auero P CUHTE31 CUTANIB i3 BUCOKUMH MEXaHIYHUMH
TEPMIYHMUMU Ta CJICKTPUYHUMH BJIACTHBOCTSIMH. Ha
CBOTOJHI CIOJYMEHBMICHI CHTaNM 3HAWIDIM MIHPOKE
3aCTOCYBaHHS B pakeToOyJyBaHHI MpPU CTBOPEHHI
aHTCHHUX OOTIYHHKIB, Y TOOYTI — KOMIIOHCHTH KyXOHHUX
MIKpPOXBHJILOBUX II€4€i, KaMiHIiB, y TEXHOJOTII — eKpaHH,
BikHa B

MIPONI3HAX Ta KAaTaJiTHYHHX I[IeYax, V

PamiOTeXHilll — IUTACKI CKPaHH TUCIUICTB, MiAKIAIKH
JaMIoBUX pedIeKTopiB, MarHiTHI JUCKH, B ONTHUII — Yy
mpuiajax areHIaTopax, KOJbOPOBi (ITBTpH, CEHCOPH
300pakeHHs [2].

AKTyaJlbHUM HAaIpsIMKOM B YMOBAaX CTAJIOrO PO3BHTKY
Vkpainn s peanmizaiii  NPIOPUTETHHX — HAIPSMKIB
000pOHHOT Taly3i € po3poOKa Ta BIPOBAHKECHHS HOBUX
THUIIB BITYM3HSIHUX KOHKYPEHTOCIIPOMOXKHHX OpoHeere-
MEHTIB JyIs iHamBigyanpHoro 3axucty [9, 10]. Bupimennsam
JaHoi 3ajmadi € po3poOka MOJIETIIEHHX BHUCOKOMIITHHX
cuTaliB Ha ocHOBi ciogymMeHBMicHIX CKM 3 ypaxyBaHHIM
aCTIEKTIB €HEepro30epe)keHHL.

Mera podotu. Metoto nmaHoi poOOTH € mocHif-

’)KEHHS 0COOIUBOCTEH CTYKTYPOYTBOPCHHS CHOAYMCH-

BMicHuX CKM y B3aeMO03B’sI3Ky 3 IXHIMH BJIAaCTUBOCTSIMU.

Jns mocsTHEeHHS 03Ha4eHOi METH OyNH IOCTaBJIeHi
HACTYITHI 3aBJJaHHS:

— IIpOaHaTi3yBaTH XapakTep [Y—cmexTpiB
JIAHIIOTOBHMX CHITIKATIB;

— HOCIIANTH CTPYKTYpy cromxyMmenBMicHuXx CKM 3a
naauMu [Y—crekTpis;

— JDOCIIANTH MEXaHI4Hi BIACTHBOCTI CIIOJYMEHBMIC-
Hux CKM B3aeMO3B’s13Ky 3 OCOOJMBOCTSAMH iX CTpPYK-
TypH,

— BU3HAYUTH KOHKYPEHTO3aTHICTh CHOAYMEHBMicC-
HuX CKM 51K OCHOBH JUTS po3p0oOKH OpOHEETEMEHTIB IS
IHIMBITyaTbHOTO 3aXHCTY.

MeToauka NpoBe/IeHHsI eKCIIEPUMEHTY.

CTpyKTypy CTEKOJ JAOCIIKYBAIN 3 BUKOPUCTAHHAM
«EMB 100 AK» Ta

criektpooromerpy Specord-M80.

SJICKTPOHHOTO ~ MIiKpOCKOIIa

MixkpotBepmicte H Ta TBepaicts 3a Bikkepcom HV
BU3HAYAJIM [UITXOM BJABJIIOBAHHS alIMa3HOl Mipamian
Bikkepca mpu HaBaHTa)XeHHI Ha Hel BinmosimHOo 200 T 32
10 Bumipamu ta 5000 r 3a 5 BUMipaMu 3 BUKOPUCTAHHSIM
mpwianis [IMT-3 1 TII-2 Ta po3paxoByBamu 3a
dhopmysioro:

a (1)
Jie a — HaIliBJliaroHaJb BiTOUTKY, MKM; P — HaBaHTa)KeHHS
Ha 1HJCHTOP, T.

[Mokasumk  TpimmHOCTI#iKOCTI  K;¢  BU3HaUanm

OUIAXOM  BJABIIOBaHHA  mipamign  Bikkepca mpu

HaBaHTaXeHHI Ha Hei 5000 r 3a 5 BuMipamMu Ta

pO3paxoByBald 32  HAMiBEMITIPUYHOIO  3AJICKHICTIO
Hiixapwu [11]:
0,094 P
Kie ==
¢ )

Je ¢— JOBXHHA pajiajbHOI TPIMIMHU BiJ CEpeIUHU
BIIOUTKY, MKM.

Mopnyns  TpYXXHOCTI BH3HAYaJld Ha  TNpHIIami,
3aCHOBAHOMY Ha NPHHIWIN BU3HAYEHHS CTPIM MPOTHHY
3pasKiB CTEKOJ, SIKi OTPUMaHI HUIIXOM BHUTATYBaHHS
HHUTOK 31 CKJIOpO3ILIaBy. Po3paxyHOK MOAyJisi IPYKHOCTI

MIPOBOIMIIH 32 (POPMYJIOHO:
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4P1°
3nFd*
©)
ne E— monyns mpyxsocti, ['Tla; P — HaBaHTakeHHS, T;
| - Bizgcramp Mik omopamu, MM; F — crpina mporuny
HHUTKH, MM; 0 — TiaMeTp CTPHKHS HUTKH, MM.
Pe3yabTaT ekcniepuMeHTy Ta iX 00roBOpeHHH.
HocmigHi  ckJIOKpHCTadiyHi — Marepianu  Oyim
CHHTE30BaHI Ha OCHOBI JITIHATIOMOCHIIKATHUX CTEKOM 3

XiMiuHEM ckiagoM (Tabm. 1).

Tabmum 1. — Bigznaku ximignoro ckinagy CKM CIT

MapxkyBanus CKM
Oxcnunn CII-2 CII-6 CII-9
Bwmict okcunis, mac. %
SiO, 64,0 60,0 60,0
Li,O 6,0 10,0 8,0
Al,O4 10,0 11,0 20,0
B,0; - 5,0 15
Na,0+K,0 - 35 -
Ca0+MgO+ZnO 15 CaF, 75 5,0
MnO - - 2,5
TiO+Zr0O, 5,0 2,0 -
CeO, - - 0,5
P05 - 2,0 3,0
TeM“epaZépa Bapi, 1400 1450 | 1400
Pexxum tepmiunoi | | cragis — 530 °C | cragis — 530 °C
00podku, °C Il cramis — 900 °C | 1l cramis — 850 °C
Crexma 3 wmapkyBanHsM CII BuroTtoBmsm 3a
TPAIUI[IfHOI0  TEXHOJIOTI€I0, 1O  SKOI  BXOIUTH

LIMXTyBaHHS CUPOBHHHUX MaTepiajiiB. Bapka mojenpHuX
CTEKOJI y KOPYHJOBUX THIIIX IpH Temreparypax 1400-
1450 °C Bopomomx 6 TOOWMH Ta BUTPHUMKA 3a IIHX
TeMrieparyp ynpoznosx 0,5 roa.

CKJIOKpUCTaNIYHI MaTepiaiu OyJno OTpHUMaHO 3a
KepaMiyHOI0 TEXHOJIOTIEF0 B yMOBaxX JBOCTAIiHHOI
HusbkoTeMieparypHoi (850-900 °C) Tepmiunoi 0OpoOku
(tabu. 1).

CrpykTypa HU3BKOTEMIIEpaTypHOi Moaudikamii o—
CIPYKTYpi
[TipokceHOBHII JAHIIOT  XapaKTEPUIYETHCS

CIIOIyMEHY aHaJjoriyHa JUOTICUITY.
nepiogom
MIOBTOPIOBAHOCTI, 110

CKJIaJa€ThCA 3 JABOX

KpeMHeKucHeBHX TeTpaeapis [Si,Og] (puc. 1).

Hdus  cTpykryp, 1i()
KPEMHEKHCHEBI MOTHBH, aTOMHE CIIiBBigHOIIEeHHS Si:0 =

BMIIIYIOTh o xioHi
1:3; KOXKEeH 3 aTOMiB KPEMHilO0 yTBOPIOE Ba 3B’SI3KH Si—
O-Si, sIKi BUKOPUCTOBYIOTBCS JUTsl TIOOYIOBH JIAHITIOTY, i
qBa Oiuni 38’s3ku Si—O. YV wimomy s MipOKCEHIB B
obmacti 1100-800 cm—1 crocTepiraroTbess YOTHPU CMYTH.
B intepBami 680-640 cM ' crocTepiraioThCs B CMyrH

BaJICHTHUX CUMCTPUYHUX KOJIMBaHb Cepe,Z[HI)O.I.

inTeHcusBHOCTi VS S—O-Si.

Pucynok 1. — [TipokceHOBUi1 TaHIIOr

IIposenemo IEeTaJIbHUNA aHaii3

CTPYKTYpH
nociigaux CKM micnst aBocTaniiHOT TepMiuHOT 00poOKH
3a garnmu 1Y (inppagepBOoHOT) —CIIEKTPOCKOIIIT TOCIiTHI
CKM BigHOCATBCS 10 BUCOKOKPEMHE3EMHCTOI 00J1acTi 31
> 50 mac.% i

LIMPOKOI0 CMYTOI0 MOorauHaHHA (V) BaJICHTHUX KOJMBaHb

BmictoM  SiO; XapaKTepU3YIOThCS
(v) B obmacti 1200-900 cM ' 3i 3HauHEM MaKCUMYMOM
npu 1050 cv ' Ta nedopmaniitnumu konuBaHHAME (3)
npu 470 v (puc. 2).

[Mpucytnicte 'y CKM Al,O3 crpusic yTBOpeHHIO
TPUBHUMIPHOI CITKH 3a ydacTio rpym [AlO,] Ta TeTpaenpis
[SiO4]. Si-O-Al vy
cKiIoMarepiajiax CBIIYUTH CMyra MOTJIMHAHHA B 001acTi

Ilpo  HasBHICTE  3B’S3KY
780720 cM . BincyTHICTh y CKITaax CTEKON KOMHBAHb B
680-580 cm '

TaKOX

obuacti
[AIOg]
3HAXOJUTHCS B YOTUPHOXKOOPAMHOBAHOMY CTaHi 3i

XapaKTepHUX JUIA OKTaenpiB

CBIIYUTH TMPO Te, MO0 ATFOMIiHIN

. -1 .
cMyroto noriuHaHHas B oousacti 780—-710 cMm -, i3oMopdhHO

3aMIOIyIOYM  CHJINIA 3  YTBOPEHHSAM  3MIMIaHOL
ATFOMOKPEMHEKHCHEBOI CITKH.
Y CKM CII-6 ta CII-9 BameHTHi KOJHMBaHHS

[BOs]*, siki xapakTepu3yioThCs CMYrOK IOTJIHHAHHS
1400-1350 cM ', MarOTh HEUITKO BHPAKEHHH XapakTep.
He cBimuutp mpo Oimpm nmputamanny aisa mgaHux CKM
TeTpaeIpUYHy KOOPIUHAILII0 O0py.

HasBHicte Oopy B deTBepHiH KOOpAHMHAII Ta
NPUCYTHICTh JIY’)KHHX METaJliB y CKIi, SKI pa3oM 3
terpaeapamu [BO4]> yrBoprotots rpymu [(BO,)° Me']",
30UIBINYIOTh CTYIIHb 3B’SI3aHOCTI aHIOHHOI CITKH CKJIa.
Otxe, BBEZIGHHsSI OKCHJIIB aIIOMiHII0O Ta OOpy 10 CKiamy
MOJIETBHUX CTEKOJI CYTTEBO MO3HAYNTHCA Ha IiABHUIICHHI
IXHBOI CTPYKTYPHOI MII[HOCTI.

Jns CKM CII-6 ta CII-9 abcopOriitHi MakcuMyMu
CUMETPHYHHUX KOJIMBaHb Vs MicTkiB P—-O-P momienpy
[PO:]." B o6macti 815-630 cm ' crocrepirarorscst B
MOJIETIbHUX CTEKJIax, 3 HAMBHIIOIO IHTEHCHBHICTIO JUIS

cknomarepianry CII-9 3i BmictoM okcuay docdopy

3,0 mac. %.
Hdna  3paskie  CII-2 Tta CII-6 peani3yeTbes
TeTpaeApuyHa  KOOPAMHALiSA THTaHy 31  CMYrolo

nornuHanasa rpyn [TiO4] B obnacti xonuBanb 960—700
oM Ipu nomasarni MnO, no cknany CI1-9 y xingbpkocTi

40
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2,0 mac. % wna I[Y-cnekrpax crocrepira€rbCst cmyra
norsimHadag ~370 CM’l, gaKa BiamoBimae 3B’sa3xy Mn-O
[Mn (111)]. Cmyra normuuanns B oGmacti 1194-925 cm ™
aKTUBOBAaHA HEIOCTATHBRO. Y CKIIi BHABJICHO BiICYTHICTBH
CMyTH noriauHass npu ~840, 850 oM, sika XapaKTepusye
(bopMmyBaHHs TeTparoHa bHOI rpyms Mn (MnQOy).

— — (%)
- =) =

=3

[HTCHCHBHICTL 11OMIIMHAHHS

.

1350 1150 950 750 550 350
XEWboBe UHCIO0 v, CM!

=)
=3

£
=

=

[HTEHCUBHICTH TTOTJIMHAHHS
o

=3

1350 1150 950 750 550 350
XEWB0Be YHCI0 v, CM!

[HTCHCHBHICTD TOMJIMHAHHS

22 o

1450 1350 1250 1150 1050 950 850 750 650 550 450 350
XEMTBOBE YHCTIO V, M

o [BOJ*: 0 [AIO]: 4 Si—O—Al: 0 [SiO:]*y cxi,
[SiOs]* & cnogymesni 4 [PO;]* , v;POP;® [TiO;]: A [ZnO4]

= Mn-O [Mn (I11)]
Pucynok 2. — [Y—cnexrpu nmormuHanHs CKM cepii CI1:
a—CIl-2; 6 — CII-6; ¢ — CII-9

s matepianiB cepii CII cmoctepiraroThCsi 4iTKi
cmyru nornuHaHas rpyn [Si206], mo npu 740 emte
XapakTepHUMHU Ui fB—crnogymeny. [lpucyTtHicts i€l
CMYTH CBIIYMTH TPO T€, IO KPEMHEKHCHEBI TeTpaexpu
3B’3aHI O/IMH 3 OJHMM 32 yCiMa YOTHpPMa BEpIIMHAMH
(puc. 2). [lns ckiomarepiaiiB CHOCTEpIra€ThCsi 3HAYHO
1150-1000 cm
(TvmoBa ImHKpOKa cMyra JUIA JIAHIIOTOBHX CHJIIKAaTiB
1200-800 cm Y).
MIOTJIMHAHHST HAWOUIBIN IHTEHCHBHO CIIOCTEPIracThes Ha
cmysi 1026 em ot CKM CII-9.

Cepen  rpymu
MaTepialliB MCIA JBOCTANIHHOI TEPMIYHOT

3ByXKEHa CMyra sl f-crogymeHy

CHoCTepiraeThes Ipn LBOMY

JIOCTITHUX  CKIOKPUCTATIYHUX
00po0KHu
HAWBUIIMMH TIOKa3HUKAMH MeEXaHIYHHX BJIACTUBOCTEN
(tabn. 3) xapakrepusyerbes Oesnmyxkuuid curan CI1-9, 3i

cmiBBigHomenusam SiO, / Li,O = 7,5 Ta 3amiHOIO

ETiO,+ZrO, na CeO,, skuit Mae HailBUILY CTPYKTYpHY
MIIHICTIO Ta 3HAYHAM BMICTOM KPHCTaNiYHOI (a3u P—
cnonymeny. LlpoMy crpusie HasBHICTH y CTPYKTYpi
[PO:]" sk
KpHcTaii3amii, sKi CTBOPIOIOTH YMOBH Uil (a3oBOTO

CTEKOI  TOJieapiB KaTaii3aTtopiB

pO3MiNCHHA $AK OUIBII EHEPreTHYHO BHTIIHOTO TIPH

(dbopMyBaHHI  3apOJKiB KpUCTANiB 1 3a0e3me4eHHI

00’€MHOI0O TOHKOJIMCIIEPCHOIO ~KpHCTamizariero [12].
BaxxnuBoro  CKIAZ0BOIO  3a0e3MeUeHHs  MII[HOCTI
CKIOMaTpHIi € (GOpMyBaHHS CTPYKTYPHOI CITKH CKJa 3a
[BO,] Ta [SiO4]. Came

MIIIHOCHUX

yuactio TerpaeapiB [AlOy],

Io€THaHHA BHCOKHX BJIATUBOCTEH

KpUCTaTiyHOI Ta ckiaoda3sd J03BONUTH chopMmyBaTu
JVMCUIIATHBHY CaMOOpPTaHi30BaHy CTPYKTypy Marepiany,
SIKM{ 3/IaTHUI BUTPUMYBATH 3HA4HI HaBAaHTa)KCHHSI.
Bucoke 3nauenns momyns FOnra gms CKM CII-9
TIOSICHIOEThCS. BU3HAYEHOKO OPIEHTOBAHOIO TEKCTYPOIO
3pa3ky Ha MikpockomigHOMY piBHi (puc.3). IlepeBaxkHa
KpucTanorpadiyHa opieHTalis KPHUCTATIB —CIIOJyMEHY,
SKHH  TPEeICTAaBICHWH  KpPHCTaJaMH  CTOBOYACTOTO
IUIACKOTO MPU3MATUYHOTO TadiTycy 3i IITPUXYBAHHSAM Ta
YITKOIO CIAMHICTIO, TIO3HAYA€THCS Ha 3HWKEHHI PO3KHIY

JAHWUX 32 MPYXHUMHU BIACTUBOCTAMH Ta MIABHIICHHI iX

3HAYCHb, IHTCPKPUCTANITHHNA XapakTep pyHHyBaHHS
po3polbiieHoro cuTay BHU3HAYAE MOJKJIMBICTh
€HEPronorIHHAHHS.

3abe3mneueHHs BiAMOBIMHUX 3HAYCHb TBEPIOCTI 3a

Bikkepcom, MIKpPOTBEPIOCTI Ta MTOKAa3HHUKY
TPIIIMHOCTIHKICTI gyt po3pobnenux CKM  3a
JIBOCTAIHHOIO  TepMidHOK  00poOkoto  (Tabm.  3)

JIO3BOJIUTh BUKOPUCTOBYBATHU X SIK E€HEPropyHHYIOUUM
map y KOMITO3MIIT OpOHEEIeMEeHTy «METaJIeBUHA CIUIAB —
Kepamika — CUTa».

Tabimus 2 — Baactusocti CKM

TTokazHukn
CKM H, HV, Kic E,
MIa MIa | MIla-m*? IMa
CII-2 8330 8280 3,0 80,0
CII-6 8590 7900 2,4 85,0
CI1-9 9084 8667 3,4 100,0

h/ . "
Pucynok 3. Ctpyk—Ttypa CKM CIT-9
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M.I'3IHYEHKO, €./1. TIOHOMAPEHKO, K.P.IIIYMEHKO

3ACTOCYBAHHS METOAIB CYYACHOI BIOTEXHOJIOT I JIJISA IJIBUIIIEHHS POTIOYOCTI
TPYHTIB

IIparaeHHs TIOAWHYU 10 MOJIMIIEHHS SIKOCTI XKUTTS 3MYIIy€e HOro 0 HOBOMY CTaBUTHCS O SIKOCTI CIIOKUBAaHUX IIPOLYKTiB XapuyBaHHs. Exonoriuno
YHCTi NMPOJYKTH BCe OLIBII IOMYNSApHI y BCiX KpaiHaxX CBITy, HE3BaXAIOUM HA Te, IO I[iHA HATypalbHHUX NPOIYKTIB B KiIbKA pa3iB BHINE, HiX
BUPOIICHUX 3 BHKOPUCTAHHAM TIepOiluaiB 1 oTpyroximikariB. Taki IpOgyKTH MOXKyTb OyTH OTpUMaHi TiNbKH IPH BHPOIIYBAaHHI BpOXKaiB i3
3aCTOCYBAHHSIM METO/IIB OPTaHiYHOr0 3eMIepOOCTBa, OJHUM i3 IPUHIUIIB SKOTO € MiJBUIEHHS BMICTY TyMyCy B IpyHTaX. 3a0e3MednTH 30eperkeHHs
IPYHTOBOI POAIOYOCTI MOXIMBO METOJAMH CydacHOI Oi0TEXHOJIOTii, 3aCHOBAaHMMH Ha JKUTTEALUIBHOCTI MIKpPOOPTaHI3MiB, 3JaTHUX NEPEepOOIIITH
OpraHiuHi PEeYOBUHH BiXOJiB TBAPHHHHUITBA B €KOJIOTTYHO YHCTi 10OpUBa. Y TBApUHHHUITBI ()OPMYETHCS OCHOBHA YaCTHHA CLILCHKOTOCIOJAPCHKHX
BIZIXOJIB — THiH BENUKOI poraToi Xyo0u i CBHHell, Ul yTHIIi3aLii IKOro 3aCTOCOBYIOTH HAllOLIBII €KOHOMIUHHIT METO/l METaHOBOTO 30POIKYBaHHS 3
OoTpUMaHHSIM Oiora3y Ta 30pomkeHoi Oiomacu. OpHak IpH IepepoOIi B 0iora3oBHX peakTopax MiACTHIKOBHX MaTepialiB THOIO BHHUKAIOTH
po0OJIeMH, OB’ I3aHi 3 THM, IO COJIOMHUCTI (paKIii i TIrHIHOBMICTHI KOMIIOHEHTH IiJICTHIIKH He PO3KIIATaIOThCs MIKpoOaMH i IEpeXOasTh B TBEPAY
¢dpaxuito 30pomkeHoi 6Giomacn B HEe3MiHHOMY BUIJINI. BHECEHHS B IPYHT Takoro HENEPEpOOICHOrO 3IUIIKY NPHU3BOAUTH IO HOTIPIICHHS
BJIACTHBOCTEW IPYHTY. B 3B 513Ky 3 1uM TBepaa ¢pakiis 30popkeHoi 6iomacu motpedye 10AaTKOBOI MepepoOKH IS MOKPAIICHHS i1 arpoXiMidHHX
BiactuBocTeld. Hai6ibn TOLINEHO BUKOPHUCTOBYBATH 3 LIIEF0 METOK BEPMiKOMITOCTYBAaHHS, TOOTO MEepepoOKy OpraHIuHHX BiJXOJIB 32 JOMOMOTO0
3eMITHHX 4epB’skiB. OJHUM 3 KiHIIEBHX IPOXYKTIiB L[BOr0O Hporecy € 6iorymyc. VY maHiif po0OTi BUBYANM Ipolec IepepoOKH TBepnoi (ppakiii
30pOPKEHOr0 CBUHSYOTO THOK KOMIIOCTHHMH d4epB’simu Buiay Eisenia foetida (uepBonmii kamidopwiiickiii 4eps’sik). B minsx BH3HA4YEHHs
ONITHMAJILHOTO PEXHMY BEpMiKOMIIOCTYBAaHHS IPOBOAWIOCH IUIAaHYBaHHS SKCIEPUMEHTY. B pesynbraTi Oyilo OoTpuMaHe BHCOKOSKICHE OpraHiqHe
00pHBO — GioryMyc — 1 BH3HAa4eHO ONTHMAJbHI mapaMerpu cepenoBuina (pH i BomoricTs), npy SKMX 4epB’SKH BOJOAIIOTH HAHOUIBII BHCOKOIO
010JI0TIYHOIO aKTUBHICTIO.

KuiouoBi ci10Ba: opraHiuHi BiIX0au, METaHOBE 30pOKYBaHHS, TBEpa (PaKIist, BEpMiKOMIIOCTYBaHHs, Oiorymyc

M.I"3HHYEHKO, E.J]. TOHOMAPEHKO, E.P.ILIYMEHKO

MPUMEHEHUE METOJ10B COBPEMEHHOMN BUOTEXHOJIOI MU JIJIsI IOBBIIEHU S
Ijioaoroaus 1mo4YB

CTpemiieHHe YeloBeKa K YIy4IICHHIO KaueCTBa JKH3HM 3aCTABISCT €r0 M0 HOBOMY OTHOCHTHCS K Ka4eCTBY MOTPEONISEMBIX MPOJYKTOB MHTAHMS.
DKOJIOTHYECKH YHCThIE MPOAYKTHI BCE Gosiee MOMYIAPHEI BO BCEX CTPaHAX MHpPa, HECMOTPS Ha TO, YTO I1[eHA HATYPaIbHbBIX MPOIYKTOB B HECKOIBKO
pa3 BbIIlIe, YeM BBIPAIICHHBIX C HCHOIb30BAHUEM TepPOULH/IOB U SI0XUMUKATOB. Takue MPOoayKThl MOT'YT ObITh JOCTYITHBI TOJIBKO IIPH BIPAIIHBAHUH
ypOXaeB ¢ MPUMCHEHHEM METO/OB OPTaHHYECKOrO 3eMIICCNHs, OJHUM H3 NPHHIHUIOB KOTOPOTO SIBISICTCS MOBBIIMICHHE COACPIKAHHUS ryMyca B
nmoyBax. OOECNEYNTh COXpAaHEHHWE IIOYBCHHOTO IUIOAOPOAWS BO3MOKHO METOJAMH COBPEMEHHOH OHMOTEXHONIOTHH, OCHOBAHHBIMH Ha
KU3HEESTEIPHOCTH MHKPOOPIaHU3MOB, CIIOCOOHBIX MepepabaThiBaTh OPraHMYECKHE BEIIECTBA OTXOOB KHUBOTHOBOJCTBA B OKOJOTMYECKH YUCTHIC
ynobpenus. B xHBOTHOBOACTBE (hOPMHUPYETCSI OCHOBHASI YaCTh CEIbCKOXO3AHCTBEHHBIX OTXOJ0B — HABO3 KPYIHOTO POraToro CKOTa M CBUHEH, Ui
YTUIIM3aLUK KOTOPOTO NMPUMEHSIOT Hanbosee SKOHOMUYHBII METOJ] METAHOBOTO COpaXMBaHHUS C MOJydyeHHUEeM Ouorasa u cOpO’KeHHOH OHMOMAaCCHI.
Opnako npu nepepaboTke B OMOra30BbIX peakTopax MOJACTHIOYHBIX MaTEPHANOB HAaBO3a BOSHUKAIOT MPOOJIEMBI, CBI3aHHBIC C TEM, YTO COJTOMHUCTHIC
(paKIMK 1 TUTHUHCOZIEPIKAIME KOMIOHEHTHI TTOICTHIIKY HE Pa3NararoTcs OakTepHsIMH U EPEXOAAT B TBEPAYIO (hpaKInio COPOKEHHON OG1oMacchl B
HEH3MEHHOM BHJE. BHeceHne B MOuYBY Takoro HemepepaOOTaHHOTO OCTAaTKa MPUBOAMT K YXY/ILICHHIO CBOWCTB MOYBEL B cBsi3u ¢ 3THUM TBepnas
(hpakuust cOporKeHHON OHOMACCH TPEOYeT JOMOIHUTENBHOM MepepaboTKH IS YIY4IISHHs ee arpOXHMHUYIEeCKHX cBoiicTB. Hanbornee enecoobpasno
UCHOJIB30BaTh C 3TOW IIENbI0 BEPMUKOMIIOCTHPOBAHHE, TO €CTh IepepabOTKy OPraHMYeCKHX OTXOJO0B C MOMOIIBIO 3eMJISHBIX 4epBeil. OmHuM H3
KOHEYHBIX MPOAYKTOB 3TOrO Ipoliecca sBisieTcst 6uorymyc. B manHoi paboTe m3ydanum mpomuecc mepepaboTKM TBEpAOH (pakumun cOpoKEHHOro
CBHHOTO HaBO3a KOMITIOCTHBIMHU 4epBsimu Buza Eisenia foetida (kpacusriit kamudopauiickuii 4epBb). B 1eisx onpeseneHis ONTHMAIBHOTO PEKIMA
BEPMHKOMITOCTUPOBAHMS TIPOBOAMIOCH IUIAHHPOBaHHE OJKCIEPUMEHTA. B pesymbrate ObLIO MONYYCHO BBICOKOKAYECTBEHHOE OPraHUYECKOEe
ynoOpeHre — GHOryMyC — M OIPEACNICHbI ONTHMAIIbHBIE TapaMeTphl cpeabl (pH M BIaKHOCTB), MPHU KOTOPBIX YEPBH 00JIalat0T Haubosee BBHICOKOM
OUOJIOrYECKOil aKTHBHOCTBIO.

Ki1ioueBbie cjioBa: OpraHUYECKHE OTXO/IbI, METAHOBOE COpaKMBaHKe, TBepaast (paKiiys, BEPMHUKOMIIOCTHPOBAHUE, OUOTYMYC

M.G. ZINCHENKO, E.D. PONOMARENKO, K.R. SHUMEIKO

APPLICATION OF MODERN BIOTECHNOLOGY METHODS TO IMPROVE SOIL FERTILITY
A person’s desire to improve the quality of life makes the individual reconsider the attitude towards the quality of consumed food. Despite the fact
that the prices of natural products are several times higher than of those grown with the use of herbicides and pesticides, organic food is getting more
popular in all countries around the world. Such products can only be received when crops are grown using organic farming methods, one of the
principles of which is to increase the amount humus in the soil. The preservation of soil fertility can be ensured using the methods of modern
biotechnology, which are based on the vital activity of microorganisms capable of converting organic matter from animal waste into environmentally
friendly fertilizers. In animal husbandry, the main portion of agricultural waste is cattle and pig manure. The most economical way to dispose it is to
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use methane digestion, when biogas and fertilizers are obtained. However, when processing manure bedding materials in biogas reactors, the straw
fractions and lignin—containing components of the bedding are not decomposed by bacteria and pass into the solid fraction of the fermented biomass
unchanged, which is a problem. The infiltration of such an unprocessed residue into the soil leads to deterioration of soil properties. Thereby, the solid
fraction of the fermented biomass requires additional processing to improve its agrochemical properties. Most expedient is to use vermicomposting,
that is, process organic waste with the help of earthworms. Biohumus, or vermicompost, is one of the end products of this method. In this work, we
studied the procedure of processing the solid fraction of fermented pig manure by Eisenia foetida compost worms (red Californian worm). In order to
determine the optimal approach of vermicomposting, the experiment was planned. As a result, a high—quality organic fertilizer was obtained —
biohumus —and the optimal parameters of the environment were determined(pH and humidity), at which the worms have the highest biological

activity.

Keywords: organic waste, methane digestion, solid fraction, vermicomposting, biohumus.

Beryn. Cygacui GiorexHosorii, 3acHOBaHI Ha

KHUTTEMISIIBHOCTI MIKpPOOpPraHi3MiB, SIKi 1epepoOsIsioTh
OpTraHiYHi PEYOBMHH BiAXOIIB CIIBrOCIIBUPOOHHUIITBA B
€KOJIOTI4HO 3naTHI  3a0e3meuuTn

yucTe  J00pUBO,

30epeXeHHSI TPYHTOBOI POMIOYOCTI, ICTOTHO IIiABHIIUTH
KYJBTYP.
Haii0inpm eHepreTHYHO BUTITHUM MIKPOOiOIOTiYHIM

BPOXKaiHICTh CLIBCHKOTOCTIOIAPCHKUX
METOJIOM yTHWIi3alil OpraHiYHUX BiIXONIB € METaHOBE
30pomKyBaHHs. [licist mepepoOKH BiIXOIiB B aHACpOOHUX
OiopeakTopax YTBOPIOIOTBCS PiKi Ta TBEpAl NPOIYKTH
Opominas. Pigka 30pomxena wmaca sBIsE  coOoro
KOHLICHTPOBAaHE OpraHiyHe JO0OPUBO 1 BUKOPUCTOBYETHCS
JUTS T/DKUBIICHHS OBOUYEBHX KyNbTyp. TBepIuil mpoayKT
OpomiHHS TaKOX BOJIOJII€ yI00pIOBaIbHUMH
BJIACTHBOCTSIMM, aje BiH MICTUTh 3QJIMIIKH MaTepiaity
MIJCTHJIKKM —JIIHTIHA 1 COJIOMH, IO HE PO3KJIaJAr0ThCs
Mikpodmoporo GiopeakTopa. BHeceHHS Takoro MpomyKTy
B TPYHT TPHU3BOAUTH JO MOTIPIICHHA  BIACTHBOCTEH
semii. TobGTo TBepma ¢paxkmiss 30pomkeHoOi Oiomacu
noTpedye 10IaTKOBOI IIepepoOKH.

BpaxoByroun, 10 Ha CyYaCHHX TBapHHHHUIBKHX

MIAMPUEMCTBAX HArPOMAaDKYETBCS K PIAKUHA, Tak 1

TBepIW THIA, HaHKpame po3B’sS3aHHA TMPOOIEMHU
yTHTI3aIi1 BigxoniB — MOETHAHHSI TEXHOJIOTIN
aHaepoOHOTO 30pOIKyBaHHS i OioyorigHOTO

KOMITOCTYBaHHSI (BEpPMIKOMIIOCTYBaHHS) JUIsl MepepoOKu
JITHIHHOI JIepeBUHU 3a JOTIOMOTOI0 CIIEeIiali30BaHUX
JIOLIOBUX 4YepB’sikiB B Oiorymyc. Buxianuii nponykr
BEPMIKOMITOCTYBAaHHS — II€¢ BHCOKOSKICHE OpraHidHe
oOpuBO, TIpHIATHE IJIsi BCiX BUIB pPOCHWH. TexHiuHEe
3a0e3MeueHHs] TEXHOJIOTI BEpMIKOMIIOCTYBAaHHS JIOCHTH
TpocTe i He MOTpedye CYTTEBUX KA TATIOBKIIAICHb.
Jlireparypuunii orasa. lllopiuno B VYkpaini Ha
MATPHEMCTBAX

arpornpoMHucCiIOBOTO KOMIUJIEKCY

YTBOpIOIOTBCS OaM3bko 70 MIIH. TOHH OpraHIYHHX
BimxomiB (THIM c.—T. TBapWH, NTANIMHUN TOCTiA), SKi
yviie Ha 16 % BUKOPHCTOBYIOTHCS B SIKOCTI IOOpHUB IpH
BHpPOIIYBaHHI ¢.—T. KyibTyp [1]. Bemuka gactmHa 1ux

BigXoiB HaKOIMUYYETHCS Ol TBapUHHUIBKUX

MiIPUEMCTB, 10 MPHU3BOAUTH J0 3a0pyAHEHHS JTOBKIJIIS
OpraHiYHUMHU

peHOBHHaAMU1 i IIaTOIrCHHUMMU

MIKpOOpTaHi3MaMH, 110 BHKJIHKAIOTh 3aXBOPIOBAHHSI

monen 1 TBapuH. Y 3B’S3Ky 3 UM IepepoOKa BiIXOmiB

TBApUHHHUIITBA B BI/ICOKOG(beKTI/IBHi ,ZlO6pI/IBa Ta
O3J0POBJICHHA HAaBKOJIMIITHLBOT'O C€peaoBHUIIIa
3aJINIIAETHCSA OJJHUM 3 l'[piOpI/ITeTHI/IX 3aBJIaHb

arpoIpOMUCIOBOTO KOMILICKCY.

Jns  mepepoOKM  pIi3HMX OpPraHiYHUX  BIIXOIIB
HAWOUIBII MIMPOKO BHKOPHUCTOBYIOTHCS MIKpOOiONOTIUHI
mporiecd. [IpiOpUTETHUM, EKOJIOTIYHO OE3MEYHUM Ta
S€HepreTUYHO BUTITHHM CIOCOOOM YTHIII3amii BiAXOIIB
TBApUHHUIITBA € aHacpoOHa (METaHOBa) mepepodka B
6iorazoBux ycraHoBkax (BI'Y) 3 yrBopeHHsm Oiora3y Ta
36pomxenoro ocany [2]. Ilpu cemapyBaHHs 30pOKEHOTO
ocaly YyTBOPIOIOTECS TBepaa (mmiam) i pimka (¢yrar)
¢pakuii. Pigka ¢pakuis mictute Menme 5 % cyxoi
Kamito i

PEYOBHHA 1 OCHOBHY KIBKICTH a30Ty i

BUKOPHCTOBYETBbCS SIK TOJMBajJbHA IIATOMIBISA ISt
OBOYEBHX Ta 1HIIUX CIJIbCHKOTOCHOAAPCHKUX KYIBTYp [3].
[lnam sBisie coOO OpraHidyHy Macy, sKa MiCTHTh
¢docdop, kamiif, MikpoelTeMEHTH Ta iHII 0i0JOTiYHO
AKTHBHI PEYOBUHH 1 € JDKEPEJIOM JIETKO3aCBOIOBAHUX IS
pociiuH  MOXMBHMX  pedoBuH[4].  Buxomsum 3
BUI[ECKA3aHOT0, MOYKHA HPHUITYCTUTH, L0 3aCTOCYBaHHS
30pOKEHOTO Ocagy B SKOCTI MOOpHBa Ma€ CHpPHUSATH
30UIBIIEHHIO  BPOXaWHOCTI  CLIIBCHKOTOCIOAAPCHKUX
KyJIBTYp 1 MOJNIIIIEHHS SKICHUX MMOKA3HUKIB IPyHTY. [5].
TuM He MeHIl, y BUCHUX HEMA€ €IMHOI NYMKHU 3 JJaHOTO
muTaHHA. OnHI BUYEHI BBaXXalTh, MO yIOOprOBabHA
LIHHICTh 30pOJDKEHOT0 THOI He 30iibLIyeThest [6], 1HII
BiJ[3HAYAIOTh PIBHOMIHHICTE Hii ocaxy BI'Y i HatuBHOTO
rHotO [7]. 3a mammmu [8], ocan 3abe3nednB HAIO0ABKY
BpoxaitHocTi 11 % BiJTHOCHO HATUBHOTO THOIO TUTBKU Ha
YOpHO3E Mi, Ha IHIMX THUNAX TPYHTIB BOHM OyIH
pIBHOLIHHUMH. 3a IHIIUMH JaHUME [5, 9] BHeCCHHS
3HEBOJIHEHOTO NIIaMy 1 PiIMHHHUX CTOKIB 3a0e3medyBasio
TIPUPICT BPOXKAWHOCTI CLIBCHKOTOCIIONAPCHKUX KYJIBTYp B
cepenabomy Ha 20-30 % MOpIBHSHHIO 3 HE30POKEHUM
rHoeM. Pa3zoM 3 muM € nmaHi i Mpo HeraTMBHUI BIUIMB
IpyHTY,
CUIBCBKOTOCIIONAPCEKUX KYNIBTYp. Lle 3B’s13y10Th 3 THM,

ocaly Ha BIACTHBOCTI BpOXail 1 AKiCTh

oo 30pO/KEHWH MUIaM MICTHTh JITHIH — 3aJIUIIOK

JITHIHBMICTHUX  KOMIIOHEHTIB  THOIO,  SIKHH  He

pO3KIaNaeThCsl B aHaepoOHMX yMoBax Oiopeakropa,
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OCKIJIBKM Ui HOro JAecTpyKuii mNoTpiOHE aepoOHe

CepeIOBHILE 3 BUCOKMM BMICTOM KHCHIO. [loTparmisioun B
IPYHT,
TPYHTOBHUMH MIKPOOPTaHi3MaMH i P BHECEHHI BHCOKUX

JIrHIH ~ yKpall  MOBUIBHO  PO3KIIAJIAETHCS
7103 30pOJDKEHOTO 0Caay HAKOIMUYYEThCS B IPYHTI, IO
MPU3BOANTE N0 TOTIpIIeHHs #oro BmactuBoctedt [10].
BusiBneni Henoniku Oilonuiamy sk JOOpHBa IMOCTYKUIH
MpUBOOM ISl BBe#eHHS MixHaponHoo Pexpepamieio
opraniyaoro 3emiepodctBa (IFOAM), OO’enHaHHIM
Exomoriunoro 3emnepobctBa (ACOL) oOMmexxeHb Ha HOro
BUKOPHCTaHHS TPH BHPOOHUITBI EKOJOTIYHO YHCTOI
npoxykuii pocauHHAAITBA [11].

3 ommmy Ha BENUKI TEPCHEKTHBH  aHaepoOHOT
mepepoOKM  BIAXOMIB TBAPUHHHWIITBA OONUTFHO IPOBECTH
JOCTI/DKEHHS 3 METOI0 TMOJIMIIEHHS arpoxiMiYyHuX 1
CaHITapHO-TITIEHIYHUX BJIACTHBOCTEH 30pOIHKEHOTO THOIO.
PimrenHsiM mpoOiieMu MoOKe OYTH 3aCTOCYBAHHS METOMY
BEPMIKOMIIOCTYBaHHSA — MEPEpOOKH THOIO 33 JOIIOMOIOIO
TEXHOJIOTTYHUX (CIIELiali30BaHNX) JIOIIOBHX YepB’sIKiB.
[IpoayKT KUTTEAISITBHOCTI YepB’sIKIB — KaIpOJITH — SIBIIIE
cobor0 Matepiay, 30araycHUil OIOJOTIYHO AKTHBHUMH

CIIONyKaMH, TYMIHOBHMH pPEYOBHHAMH 1 KOPHCHOIO
MIKpO(DIIOpOI0, 10 HAOIIKAETHCS 3a CBOIMH  (Di3HKO—
XIMIYHUMH BIIACTUBOCTSIMHE JIO IPYHTOBOTO Tymycy [12].

3 Oe3miui BHAIB AOIOBUX uepB’siKiB (iX B IPYHTI
Oomu3pko 97) HaWHOUTBII TPONYKTUBHUMH € THOWOBI
yepB’sikn. Ha ©0a3i nporo Buay B mrari KamidopHis

(CHIA) B 50— pokM MHHYIOTO CTOJNITTS CTBOpEHA

cenekifiina mopoxa Eisenia foetida mig Hassoro
«YepBoHHi KaJi(popHIHCEKHN 4epB K, SIKHAN
BIJIpI3HSETHCS MOPIBHSHO KOPOTKHUM nepiosom

JTO3piBaHHS 1 BUCOKOIO MpOoAyKTuBHICTIO [13]. Lei mram
Ha0yB WIMPOKOTrO MOLIMPEHHS B KpaiHax 3axigHol Ta
CximHoi €Bpornw, a 3 moyatky 80—X pokiB — i B YKpaiHi; B
maHuii 4ac B YKpaiHi € moHam S50 Benukux ¢ipMm 3
pPO3BEAECHHS KyJIbTHBOBAHMX YEpB’sIKIB 1 BHUPOOHMIITBA
BEPMHUKOMIIOCTY

EdekTuBHICTS BEpMHUKOMIIOCTYBAaHHSI BU3HAYAETHCS
610JTOTIYHOI0 aKTHBHICTIO YEepB’sKiB, KA B CBOIO YEpry
3aJeXKHUTh BiJl OaraThboxX mHapaMmeTpiB: SIKICTb cCyOcTpary

(xopMy),  TeMmmepaTypH,  KHCIOTHOCTi,  BOJIOTOCTI
CepesoBUINa, IIIJIBHOCTI 3aCeJIeHH 4epB’sIKiB.
CHOpusTIMBUMH JIJIS1  KUTTEAISIIBHOCTI  YEpB’SIKIB €

Bosoricts 60-80 %, Temnepatypa 15-25 °C, pH 7,0-7,6,
TeMpsiBa, TapHa aeparis.

KoxxHa momyiismisi 4epB’sIKiB BUMarae aamnTaiii 110
HOBHX CyOCTpaTiB i mapamMeTpiB KOMIIOCTYBaHHS, TaK SK
Bil YMOB CEpelOBHIA 3aJEXKHUTh 3arajJbHUN CTaH
4epB’sKiB, IHTEHCUBHICTH iX PO3MHOXKEHHS 1 HaKOIH-
YeHHsT 0iOMacH, a TakKOX KIJBbKICTh 1 SKICTh OJEpXKYy-

BaHOTO OiOTyMYCY.

3BiACHM BUIUIMBAE, WIO JUIi KOXXHOTO HOBOTO
cyOcTpary HEOOXigHO MOCTINHWM MUIAXOM BH3HAYaTH
rapamMeTpy TEXHOJIOTIYHOTO MpOoLecy, ONTUMAaJbHI JUIst
KUTTENISTIPHOCTI JaHOT TOMYJIAmii 4YepB’SKiB B ITaHUX
YMOBaX.

Mera i 3aBAaHHs AoCHimKeHHs J[ocmiIKeHHS
MIPOBOAMJINCH 3 METOI BH3HAYECHHS ONTHMAaJIbHUX
mapaMeTpiB TEXHOJOTIYHOTO MPOIleCcy mepepoOKn TBepIoi
¢pakiii 30po/KEHOr0 CBHHSYOTO THOK UEPB’SIKAMHU
monymsiii - Eisenia foetida i orinku MoxkimBOCTI OTpH-
MaHHSl 3 LBOrO cyOcTpary n00pHBa 31 CHPHUSTIMBHUMHU
arpoxXiMigHIMH BIaCTHBOCTSIMH.

Jlist

peari30BaHMi MIIAHOBAaHUH EKCIIEPUMEHT. 3 ypaxyBaHHIM

BUDINICHHST ITIOCTABJIEHHX 3aBJaHb OyB
TOro, 10 e(EeKTHBHICTh BEPMIKOMIIOCTYBAaHHS BH3Ha-
4aeThC O10JIOTIYHIN aKTHBHICTIO KOMIIOCTHOTO YepB’siKa,
TOOTO MIBHJKICTIO HOTO PO3MHOMEHHSI, B SIKOCTI KPiTEpito
ONTUMI3allii TpHUHATA BENWYWHA TPUPOCTYy Oiomach
(Y,r).
BEJIMYMHY TPHPOCTY OiOMacH € BOJOTICTH KOMIIOCTY Ta

dakTopamMu, M0 HAWOUIbIIE BIUIMBAIOTH Ha
pH. 3Ha4yeHHs nMX (aKTOPIB NiATPUMYBAIH B HIMPOKOMY
miamazoni BemmumH: pH 6,5 — 8,0, Bomoricte 60,0 —
80,0 %.

Marepianu i MeToau NpoOBedeHHS TOC/iXKeHHS.
KommocryBaHHs 31iiiCHIOBaI 110 SIIUKOBOI TEXHOJIOTII 3
BUKOPHCTaHHSIM  IUIACTMAacOBMX  KOHTEHWHEpIB Ui
30epiraHHs oBouiB i ppykriB 00 ‘emom 40 i1., B AHUIIAX
SKUX OymM TpOCBEepAJicHi OTBOpH. JloCHimKeHHS
NPOBOJMIINCS B 3aKPUTOMY OINAIOBAILHOMY ITi/IBAJIb-
HOMY TIPHUMIIIEHH], TEMIIEPATYPy B SIKOMY IiITPUMYBAJIN
B iHTepBaii 18-22°C.

Jlnist mpoBeieHHs OCTIUKEHb TOTYBaJIM cyOCTpar Ha
OCHOBI TBep101 (ppakifii CBUHAYOr0 THOO, 30POPKEHOTO B
6i0ra30Boii yCTaHOBII OJHOTO 3 IPUBATHUX TOCHOAAPCTB.
30po/pKeHy  Macy — BiACTOIOBAH,  BIJOKPEMITIOBAIH
3TyIIEHY 4YacTUHY, $Ky JOJATKOBO IIPOLIDKYBaIM 1
oTpuMyBasid TBepAy ¢pakuito (uwiam). Cyoctpar s
BEPMIKOMITOCTYBaHHSI TOTYBalHM 3 cyMimi nuiamy (75—
80 %) i monepenHsO MOAPiIOHEHOT costomu mimeHuI (20—
25 %). Hus 3abesnevyenns pH cyOctpaty B Mexax 6,5 —
8,0 B MiAroTOBNIEHY CyMIlll JOJABAM BalHSHY MYKY.
[icns mepeMinryBaHHS BCiX KOMIIOHCHTIB JTOBOIMIIH
BoJjioricTh cyoctpaty no 80 %. Ilinrorosienuii cyocTpar
BUKJIa[aJd B KOHTEHHEp IIapoM 5 cM 1 Ha IOBEPXHIO
sumyckanu 50 oco6un ueps’sikis Eisenia foetida. ITicis
IIPOHMKHEHHS 4epB’sAKiB B cyOcTpar uepe3 5 —10 xBuiauH
MIOBEPXHIO HAKpUBAIH MIILIKOBHHOIO. ukn
KOMITOCTYBAHHSI TpHUBaB 45 IHIB, IPOTATOM SIKOTO LIO/IHS
MIPOBOJMBCS KOHTPOJb pH, Bomorocti i TemmepaTypu 3
BUKOPHCTaHHAM aHaiizaTopa IpyHTy pH — 300. OnnH pa3

B TWKACHb YEPB’SIKIB TOMYyBalIHW, JONAIOYH TIO 5
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CaHTUMETPIB cyOcTpary. 3aBepLICHHs LUKy MepepoOKu
CyOCTpaTy BCTAQHOBIIOBAIN OPraHOJNCITHYHAM METOIOM
I10 3MiHi KOJIbOPY 1 3a1axy KOMIIOCTY.

[Ticnsa 3aBepiIeHHST BEPMIKOMITOCTYBAaHHS BCi YepBH
Oynu BWIYYCHI 3 KOHTCHHEpIB M BHU3HAYCHHS
migcyMKoBoi Oiomacu. I bOTO HA SIIIUK 3 KOMIOCTOM
CTaBWIM IHIIMHA SIUK 31 CBDKAM KOPMOM 1 4epBH
CcaMOCTiiiHO B HBOro Tepedupamuca. ATpoxiMmiuHi
MOKa3HUKK KOMIIOCTY BH3HAa4yaJlM 3a CTaHAapTHUMHU
HHIJ
«lHCTUTYT TpyHTO3HABCTBA Ta arpoxiMii» (M. XapkiB).

Jost

110  BIIMBAalOTh Ha

METOIWKAMH B CIelialli3oBaHiii jabopaTopil

Pe3yabTaTH  AOCTiTKEHD. OCIIKEHHS

B3aeMoOJlii  (haKTopiB, mporiec

Oyma BH3HAYCHA

IpOCTOpY,
iHTEepBaANIH

BEPMHKOMIIOCTYBAHHS,
eKCIICpUMCHTabHA 00JacTh  (PaKTOPHOTO

TOOTO OOpaHWi HYIBOBHI pIBEeHb Ta
BapiloBaHHs (aKTOpiB.
IIpu AKTHBHOI'O

MIPOBEZCHHI EKCTIEPUMEHTY

BUKOHYETBhCS KOAYBaHHS (DAKTOpPiB, TOOTO UIISIXOM

JMHIAHOTO  TEpPEeTBOPEHHS  KOOpAWHAT  (PAKTOPHOTO
MIPOCTOPY MEPEXOIATh Bl CUCTEMH peanbHUX (HaKTOpiB
n0 0e3po3MipHOT CHCTEMH KOOpIAHMHAT 3 LICHTPOM B
HYJIbOBIM Touli. Y 0e3po3MipHiil cuctemi KoopauHAT
BepxHil piBeHb (akTOopa AOpiBHIOE +1, HIWKHINA —
JIOpiBHIOE —1, OCHOBHUII piBeHb JopiBHIOE — 0.

VY sAKoCTI IJIaHY NpH IUTaHYBaHHI EKCIEPHMEHTY
Oyno obpano noBHUH (akTopHU excriepumeHT (IIDE) 3
grcaoM (akTopiB N=2 Ta JABOMAa PIBHAMH BapirOBaHHSA
¢axropiB. Ilpu moBHOMY (aKTOPHOMY EKCIEpUMEHTI
peanizyroThes BCi MOXKITUBI KoMOiHamii (hakTopiB Ha BCiX
PIBHSX 1 TOMY YHCJIO JOCTIAIB ckiaamae N =2", 1o st
n =2 nopisaioe N = 4.

[No3HaynMo (akTOpW, NIO BIUIMBAIOTH HA IPOLEC

KOMIIOCTYBaHHSI. SIK
1) Z; — Bomoricte koMmoCTY, %); 2) Z, —pH

KOMIIOCTY.
Mesxi 3MiHH (aKTOpiB HaBeAEHI B Ta0M. 1.

Tabmuis 1 — Mexi 3MiHM BXiJHUX apameTpiB

[Tnan  exkcrnepuMeHTy Ta HOro  pe3yibTaTH —
3HadeHHsA Bigryky (Y _mpupict OiomMacw) HaBeIeHi B

Tabn.2.

Tabmuns 2. — Matpuus IIaHyBaHHS Ta pe3yabTaTu

EKCIIEpUMEHTY
Ne mocimy| X X1 Xy X1 Xo Y,
2 1 +1 -1 -1 +1 70
(S
= : 2 +1 +1 -1 -1 94
E g 3 +1 -1 +1 -1 75
2 4 +1 +1 +1 +1 103

¢baxTopu y KOJ/IOBaHI 3HAYCHHS
Ymosn HATypaIbHOMY (axTopiB
TUTaHYBaHHS 2 Z, X, X,
OCHOBHHIA piBEHb 70 7,25 0 0
I
Hrepnal 10 0,75 1 1
BapiroOBaHHs
BepxHiii piBeHb 80 8 1 1
HwoxHiit piBeHb 60 6,5 -1 -1

X{» X, —KozoBaHi akropH, Xq — GixrnBHui dakTop.

3a HOHATKOBUMH IOCIHIZaMH my =3 Kl Oymm

NPOBEJCHI Ha BEPXHbOMY pIBHI IIaHy, BHM3HAUYEHO
NOXHOKY eKCIIEPUMEHTY 5§ =2,33.
[Inag IIDE 22;[ae MOJJIMBICTE  TOOYIyBaTH

(GYHKIIIO BIATYKY Y BUIJIAIl TOJIIHOMA, SKUH AJIsL 4uciia
¢axropis N =2 mae Burisx (1).
Y =by +byX +b,%, +bX %, 1)
[Ipu crarucTiyHill 00poOI eKCIEePUMEHTAIBHUX
JaHux Oyno 3actocoBaHo kputepii CrhlofeHTa UIs
OILIHKA 3HAYUMOCTi KOe(]ili€HTiB MaTeMaTHIHOI MOJEII.
KpuruuHe 3Ha4eHHS KpUTEPist AJIsl piBHS 3HAYYNIOCTI O =
0,05 Ta kinpkocTi cryneHiB BUtbHOCTI f = 2 ckianae t,6=
2,31. 3rigno 3 kputepieM CThIOAEHTA M0JATOK PIBHSIHHS
perpecii (1), mmo
(dakTopis XXy » BUSIBUBCS HC3HAYHMUM.

Iokasye BILJIUB BSaEMOZ[i.l.

3a pesyapTaTaMH CTaTUCTUYHOI OOPOOKHM JaHHX
OyJl0 oTpuMaHe PIBHSHHS perpecii Nepioro HOpsaKy AJs
KOJIOBaHHX 3HaueHb (HaKTOPiB:
Y =85+13%; +3,5%,- )
AJleKBaTHICTh OTPUMaHOI MaTeMaTu4HOi Mozeni (2)
Oyma omiHeHa 3a Kkpurepiem @imepa mis piBHA
3Hauymocti o = 0,05, KiTbKOCTI cTymneHiB BimbHOCTI f;=1,
f, =2, Fqu—18,51.
3aJIeKHICTh TPUPOCTy OiomMacH dYepB’sAKiB Yy Iporieci

MOI[GJ'IL aJICKBATHO Oonuncye

BEPMHKOMIIOCTYBaHHS B IOCIIPKYBaHIl 00JIACTI CHCTEMH
KOJOBaHHX (DaKTOPiB X, X, BiJl BOJOTOCTI KOMIIOCTY Ta

PH, ockinbpku po3paxyHKOBe 3HaUeHHs Kpurepito dimepa
MEHIIE BiJ KpHTHYHOTO 3HayeHHs F,=1,7 < F,,;=18,51.
st 21, 7
MaTeMaTHYHA MOJIEIb MA€ BULJIS:
Y =-54,5+1,3z + 72, ©))

Ha migcraBi oTpumanoi MatematudHoi mojeni (3)

CHUCTEeMHM  peajbHuUX  (akTopiB

OyJo TpOBENEHO aHalli3 3aJIE)KHOCTI MPHPOCTy Oiomach
BiJ 3Hauymmx ¢akropiB. Pesynbratn mpencramieHi y
rpadiganomy Burni (puc.l, 2).
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Pucynok 2— 3anexHicts npupocty 6iomacu Bix pH

HocmimkeHHss  mpupocty  OiomMacum  4epB’sKiB

MMpOBOAUJIOCA 3 METOIO BH3HAUCHHSA  ONTHUMAJIbHUX

3HAYeHb BOJIOTOCTI KommocTy Ta pH, 3a sSKuX mpupict

s

JIOCATHEHHS 11i€i MeTH OYB MOCTaBICHUI €KCTpeMalTbHUI

Oiomacu HabyBae ONTHMAJIBHOTO  3HAYCHHS.
EKCIIEPUMEHT 3 BHKOPUCTAHHSM KpPOKOBOI'O METOMIY
Bokca—Yincona.

3rigHo 3 KpokoBHUM MeTonoM bokca—VYincona [14]
UL eKCIIEPHMMEHTAJIPHOTO  BU3HAYCHHS  KOOPAMHATH
eKCTpeMalbHOi TOYKM (GYHKIIT Y aJeKBaTHE piBHSHHS
perpecii (2), mo oTpuMaHe y pe3yiabTaTi peaii3armii
(aKTOPHOTO EKCHEPHMEHTY MEepIIOr0 MOPSIKY, Ja€
MOXKJIUBICTh BHU3HAYHMTH HANPSM HOIIYKY MaKCHMYyMY.
LinpoBa (QyHKISA 3pOoCcTae MBUAILIE BCHOTO B HANPSIMKY
TpajieHTa.

Jlist 3milicHEHHST pyXy B3JI0BX Tpaji€eHTa 3HAYCHHS

(bakTopiB y HaTypalbHOMY BHTJISAI Z; 3MIHIOHOTHCS

J
MIPOIOPLIHHO 10 bj Aj :
' max(p;a|

ne h—3HauenHs Kpoky st ¢akropa 3 MaKCHMabHHM
3HAYCHHIM bjAj , hj—s3HayeHHs xpoxky nma iHmIHX

¢axropis, bj — KoedillieHTH TPU KOJOBaHMX (hakTopax

piBHsAHHS (2), Aj — iHTepBanM BapitoBaHHS (HAKTOPIB.

[ToyaTkoBi 3HaUCHHS KPOKIB HaBeJieHi B TabI1. 3.

Tabmuns 3. — [oyaTkoBi 3HAYEHHS KPOKIB

il Z;
HynboBwii piBeHb 70 7,25
InTepBan BapitoBaHHA A . 10 0,75
Koedirmient perpecii 13 13,5
b J-A j 13 2,625
b;A;/max|biA| ! 0.02
Kpok h; 2 0,04

[Momyk onTHMyMy MOYHHANM 13 LEHTpa IUIAHy 3
OCHOBHMM piBHeM @akropiB. [Ipm BHKOHAHHI KpPOKIB
JesKi JOCHION MOXHA TMPOMHHYTH, BOHH «YySBHI». Y
mpoIreci pyxy HEOOXiHO BpaxOBYBaTH JOMYCTHMI
3HAYCHHSA MpH OOMEXCHHSAX Ha HE3aJeKHI 3MIiHHI Ta
YMOBH JOCIIila, TOMY 3HAa4yeHHS JesSKUX (HaKTopiB

dikeyersest (z;) Ta okpyrmoerses (z,) . Pesynsrarn

peaitizariii 10ociiIiB HaBeICHI B Ta0I. 4.

Tabmuis 4.— Pesynbpratu peamnizanii qocmiais

7 , | Y
Jocniau
1 peanizoBaHuit 72 7,3 100,7
2 ySBHHI 74 7,33 —
3 ySBHHI 76 7,37 -
4 peanizoBaHuit 78 74 102,4
5 yABHUI 80 7,45 -
6 peanizoBaHuit 80 75 101,5
HaOinbime  3HaYeHHS  BHXIAHOTO  MapaMerpa

JIOCATHYTO y 4 mociimi. TakuM 9HHOM, CIiJT BBaXKaTH, IO
npupict 6Giomacu HaOyBae MaKCHMaJIbHOTO 3HAYCHHSI IPH
,=78% ta pH z,=74.
MakcumanbHuil npUpicT OiomMacu 4YepB’sKIB  CKJajae
102,4r.

Ckiiai OTPUMAHOTO BEPMIKOMIIOCTY HABEICHO B

BOJIOTOCTI KOMIIOCTY

Tabm. 5
Tabmuns 5 — XiMigHUH CKI1a]] BEPMUKOMITOCTY

[Toxa3HuK Bwmict, %
Bonoricts 59,33
Cyxa opraHiuHa pe4oBHHA 37,5
I'ymycoBi peaoBuHU 2,11/5,19
3araneHuii azot, N 0,42/1,03
BaransHuii Gpocdop, P,Os 0,41/1,02
Saraneaui kanii, K,O 0,54/1,32
pH 7,2

3 maHuX TabNuUIl BUAHO, IIO 33 3MICTOM OpraHidHOi

pEYOBHHH, 3araJlbHOro aszory, Qocdopy 1 Kamiro

48

Bicnux Hayionanvrnozo mexuiuno2o ynisepcumemy « XI11»

Cepis: Ximisi, XiMiuHa MEXHONO2] KOl

€dited with the demo version of
Infix Pro PDF €ditor

To remove this notice, visit:
wwuw.iceni.com/unlock.htm

o
17
[/


http://www.iceni.com/unlock-pro.htm

ISSN 2079-0821 (print)

BEPMHUKOMIIOCT ~BI/NOBIZa€ BHMOTraM CTaHIApTy [0
opraniyanx no0puB [15] Biorymyc BoiOAmi€e BHCOKHMH
MOTEHLITHUMH 3ariacaMy OCHOBHUX €JIEMEHTIB HE TUIbKU
OpTaHiYHOTO, ajie 1 MIHEepaJbHOTO >KWUBJICHHSA 1 SIBISE
c00010 LiHHE OpraHiyHe 100pHUBO.

BucHoBku. Bm3HaueHo onTuManpHI MapaMmeTpu
cepenoBuINa, TpU sAKUX 4epB’siku Buay Eisenia foetida
BOJIOJIFOTH HAMOIJIBIIT BUCOKOIO O10JIOTIYHOIO aKTUBHICTIO
B cyOcTparax, IO MICTATh 30pOJKCHUN CBUHSIYMN THIMH:
pH 7,4, Bomoricte 78 %. 3a Takux 3HAYCHb MPHUPICT
Oiomacu uepB’skiB ckinamae 102,4 r.

B pesympraTi BEepMIKOMITOCTYBaHHS —CyOCTpaTy
OTpUMaHUil TNPOIYKT (BepMikoMmocT, Oiorymyc), m0Iio
BiJNIOBiJJa€ BUMOTaM CTaHJApPTy A0 OPTraHiYHUX JOOPHB.

IToGynoBaHa MmaTeMaTHyHa MOJENb MpOIECy, ILI0

12.

13.

14.

15.

HaBO3a, TOMETa, UX yHaoOpuTenbHy0 3(dekTuBHOCTE. MTorm u
3amaun uccnenosanuii / C.U. Tapacos // CucTeMbl HCIIONB30BAHHS
OpPraHHYeCKHX YAOOpEHHH U BO30OOHOBISIEMBIX pECYPCOB B
C6.
Hay4HO-TIpaKTHYecKoil koHdepenunn B 2—x 1. T. 2. — Bnagumup:
T'HY BHUNOY Poccenbxo3akagemun. —2013 r.— 254 c.
Tanxapa  H.D.
OPraHUYECKHX OTXOJOB
opranuyeckux ynobpenuii / H.®. Tamxkapa, P.®. Baiibexos, [1.1O.
KonreixoB, U.B. Aunpeesa, O.E. Ebumor // Ussectus TCXA,
Boimyck 1,2007 ¢ 133-141

Sherman—Huntoon,R. Latest developments in mid-to—large-scale
vermicomposting // Biocycle. 2000, 41(11), p. 51-54.
ToBaxusiucbkuit JIJI. Komm’toTepHe MOAEmOBaHHA Yy XiMiuHIN
texnounorii / ToBaxusHcbkuid JLJI., Babax T.I'., T'onyokina O.O.,
Ionomapenko €./1., Carapin A.B. — Xapkis, HTV: «XIIl» — 2011.—
606¢.

T'OCT 26712-94 Jlo6puBa opraniuti. 3arajgbHi BAMOTH A0 METOIB

JMaHAIAGTHOM — 3eMJIC/ICIHU: noknanoB  Beepoccuiickoit

CoBpeMeHHbIE ~ CHOCOOBI  OHOKOHBEPCHUH

U IIOJIy4YC€HHUsA BBICOKOKA4Y€CTBEHHBIX

aHaizy.
JTO3BOJISIE PO3paxyBaTH MpUpPICT OioMacw dYepB’sAKiB IpHU
PI3HMX MOXJIMBUX KOMOIHAIisgX (aKTOpiB MpPOIECY References (transliterated)
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T.3.-C. 64-70. 10. Emczev V.T Mikrobiologiya: uchebnik dlya akademicheskogo
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otkhodov i polucheniya vy’sokokachestvenny’kh organicheskikh NTU: «KhPI’» — 2011.— 606s.
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K. B. LIEBYEHKO, A. b. TPUT OPOB

3AMMMCTICTH BYTJIEBOJHEBUX ®PAKIIIIA, OTPUMAHUX JECTPYKIIEIO MOJIMEPHOI
CHUPOBUHH

B craTTi pO3MIIHYTO MOXIMBICTh BHKOPUCTAHHS BYIJICBOJHEBHX (pakmiii — HPORYKTIB TepMiduHOI HECTPYKIil MONIMEpPHOI CHPOBHHH
(TIOTieTUIICHOBOI Ta MOMIMPOMIIEHOBOT) PH aTMOC(HEPHOMY THUCKY Yy SKOCTI KOMIOHEHTIB TOBapHHX JHM3EJIbHUX HanuB. Takuil miaxiJ XO3BONUTS, 3
OJHOTO OOKY IOJIMIINTH BIACTHBOCTI TOBAPHOTO IU3EIBHOTO MANNBA, 3 1HIIOTO — MiABUIIUTH KOHKYPEHTOCIIPOMOXKHICTD NMPOAYKIii BiTYH3HSIHOTO
BUpOOHHITBA. KpiM IbOTO, TaKOXX YaCTKOBO BHPIIIYEThCS MpoOJeMa, IO IOB’s3aHa 3 HAKONMYEHHSIM IOJNIMEPHHUX BiAXOMIB i iX HEraTHBHUM
BIUTBOM Ha HaBKOJIUIITHE CEPEIOBHIIIE.

BcTaHoBIEHO XapakTep 3aleKHOCTeH MiXK TaKHMH ITOKa3HHKaMH SIKOCTI JochiukyBaHuX ¢pakmii 160-350 °C, 200-350 °C, 240-350 °C sx
TeMIepaTypa caMo3aiiMaHHs, TeMIlepaTypa MOYaTKy KHIIHHSA (pakmii Ta I[eTaHOBe YHCIIO — IOKA3HHUK, 1[0 XapaKTepu3ye 3aiiMUCTICTh. 3aJIeXKHICTh
TeMIepaTypH CaMO3aliMaHHS BiJ TeMIEepaTypH IOYaTKy KHIHHS (pakmiii Mae MONIHOMIHAIBHUM XapakTep Ta CBITYHTh IPO 3MEHIICHHS
TeMIepaTypH caMo3aliMaHHs IPH 30UIbIICHHI TEMIIEPATypH IOYaTKy KHIIHHSA (pakiiif. 3aleXHICTh [ETAaHOBOTO YHCIA BiJ TEeMIIEpaTypu MOYaTKy
KHIIHHA Qpakiiii Mae JIHIIHUN XapaKTep Ta CBiMYUTH NPO 301IBIIEHHS IETAaHOBOTO YHCIIA TIPY 301IbIIEHH] TeMIIepaTypy MOYaTKy KUMIHHS (QpaKijii.
3aJIeKHICTh IIETAHOBOTO YKCIIA BiJ TeMIepaTypH caMo3aiiMaHHs (pakiiil Mae MOJIHOMIHAIBLHUN XapakTep Ta CBiIYUTH PO 3MEHIIECHHS IIETAaHOBOTO
YHCIIa IpH 301IBIICHH] TeMITepaTypy caMo3aiMaHHs (paKimiif.

BcranoBieHo, o TemIlepaTypa camo3aiMaHHS MOCHIKYyBaHUX (pakiiii HE 3aJeKHO Bil THILY ITOJIMEPHOI CHPOBHHH, KOJIHMBAETHCS y HTOCHTH
BY3bKOMY Jiana3oHi, Big 229 no 348 °C, a ueranose yncio — Big 41 10 55 ox. Cnuparoduch Ha JIiTepaTypHi AaHHI, caMe 1eil Jiana3oH € OIU3bKUM 10
Jliarna3oHy, KU MalTh TOBAapHI JU3ENIbHI MalnBa, a BIACHE IOCIHIIKEeHI HaMu (pakiii MOKHA BHKOPHCTOBYBATH MPU BUPOOHHUIITBI JH3EIHHOTO
T1aJIvBa.

KniouoBi cioBa: nm3enbHe IadMBO, BTOPHHHI €HEPrOpPeCypCH, IONISTHIIEH, MOJINPONUICH, NPOAYKTH JECTPYKILil, SKiCTh, 3aiMHCTICTB,
caMo3aiiMaHHs, [JeTAHOBE YHCIIO.

K. B. IIEBYEHKO, A. b. TPHT OPOB

BOCIJIAMEHSIEMOCTbD YIJIEBOJIOPOJIHBIX ®PAKIIUMIA, IOJYUYEHHBIX JECTPYKIUEN
IHOJIUMEPHOI'O CbIPbA

B craThe paccMOTpeHa BO3MOXKHOCTH HCIOJB30BAHHS YTIICBOJOPOAHBIX (PAKIHil — MPOAYKTOB TEPMUUECKOU MECTPYKLIHH MOIHMEPHOTO CHIPHS
(MOTMATHIICHOBOTO M TOJUIIPONUICHOBOT0) MPH aTMOC(HEpHOM TaBJICHUH B KAYECTBE KOMIIOHCHTOB TOBAPHBIX MH3EIBbHBIX TOILTHB. TakoW MOIXO.
MO3BOJISIET, C OHOW CTOPOHBI YIYUIIHTH CBOMCTBA TOBAPHOTO MH3EIBHOIO TOILUTHBA, C APYrOM — MOBBICHTH KOHKYPEHTOCIIOCOOHOCTD MPOLYKIIUH
OTEYEeCTBEHHOTO MPOM3BOACTBA. Kpome TOro, Takke YaCTHYHO pemiaercst mpobiema, CBA3aHHAS C HAKOIUICHHEM MONMMEPHBIX OTXOJOB M HX
HETaTHBHBIM BIIMSHHEM Ha OKPY)KAIOUIYIO CPELy.

VYcraHOBIIEH XapakTep 3aBHCHMOCTEH MEXIY TaKHMH MOKasaTeimsiMu KadectBa dpakuumit 160-350 °C, 200-350 °C, 240-350 °C kak TemmepaTypa
CaMOBOCIUTAMEHEHHUS, TeMIepaTypa Hayana KUMEHWsI (Pakiud U IIETAHOBBIM YHCJIOM — IOKAa3aTelb, XapaKTepPU3YIOUIHil BOCIUIAMEHSEMOCTb.
3aBHCHMOCTh TEMIIEPATYphl CAMOBOCIUIAMEHEHHs] OT TEMIIEpaTypbl Hadyaina KHICHHs Gpakiuii HMeeT MOJIHHOMHHAJIBHOW Xapaktep W
CBH/IETENBCTBYET 00 YMEHBIICHHU TEMIIEPATyphl CAMOBOCILUIAMEHEHHSI MPU YBEIMYCHHH TEMIIEpaTyphl Hauyaida KHIeHHs (pakiuii. 3aBHCHMOCTH
[[ETAHOBOT'O YKCIIA OT TEeMIIEpaTyphbl Havala KUMeHHUs (PaKiuii HMeeT JINHEHHBIA XapakTep U CBUACTEIbCTBYET 00 YBEIHYCHHH LIETAHOBOTO YHCIA
MPU YBEIHUYCHHH TEMITEpaTyphl Hadana KUneHus (Qpakiuii. 3aBUCHMOCTD [IETAHOBOTO YHCIa OT TEMITEPAaTyphl CAMOBOCIUIAMEHEHHsI (DPaKINi HMeeT
MOJIMHOMHHAJILHOM XapakTep M CBUACTEIbCTBYET 00 YMEHBIICHAH IETAHOBOTO YHCIA IPU YBEITHICHHH TEMIIEPATYPhl CAMOBOCILIAMEHEH ST DpaKIumii.
VYCTaHOBIICHO, YTO TEMIIEpaTypa caMOBOCIUIAMEHEHHUS UCCIIEAYEeMbIX (DpaKinii He3aBUCUMO OT THIIA MOJUMEPHOTO CBHIPhS, KONEOIEeTCS B JOBOJIBHO
y3KOM auanaszone, ot 229 no 348 °C, a ueraHoBoe ymcio — oT 41 mo 55 en. Onupasich Ha JUTEpaTypHbIE JaHHBIE OTMETHM, YTO MUMEHHO 3TOT
JIHana3oH ONHM30K K [HAIa30Hy, KOTOPBI MMEIOT TOBAPHBIC JW3CIbHBIE TOILTHBA, A MCCICHOBAHHBIE HAMH (PAKIMH MOXXHO HCIIONB30BATH MPH
MPOU3BO/ICTBE ANU3EIHHOTO TOILIHBA.

KiioueBble cJ0Ba: [H3EIbHOE TOIUIMBO, BTOPHUYHBIE DHEPrOPECYPCHI, MONMITUIICH, MONUIPOIMICH, MPOAYKTHl IECTPYKIUH, KAueCTBO,
BOCILTAMEHSIEMOCTh, CAMOBO3TOPAHHE, IIETAHOBOE YFHCIIO.

K. V. SHEVCHENKO, A. B. GRIGOROV

FLAMMABILITY OF HYDROCARBON FRACTIONS OBTAINED BY DESTRUCTION

OF POLYMER RAW MATERIALS
The article discusses the possibility of using hydrocarbon fractions — products of thermal destruction of polymer raw materials (polyethylene and
polypropylene) at atmospheric pressure as components of commercial diesel fuels. This approach allows, on the one hand, to improve the properties
of commercial diesel fuel, on the other, to increase the competitiveness of domestically produced products. In addition, the problem associated with
the accumulation of polymer waste and their negative impact on the environment is also partially solved.

© K. B. IlleBuenko, A. B. I'puropos, 2021
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The nature of the dependences between such indicators of the quality of fractions 160-350 °C, 200-350 °C, 240-350 °C as the autoignition
temperature, the initial boiling point of the fraction and the cetane number as an indicator characterizing the flammability, has been established. The
dependence of the autoignition temperature on the boiling point of the fractions has a polynomial character and indicates a decrease in the
autoignition temperature with an increase in the boiling point of the fractions. The dependence of the cetane number on the initial boiling point of the
fractions is linear and indicates an increase in the cetane number with an increase in the initial boiling point of the fractions. The dependence of the
cetane number on the autoignition temperature of the fractions has a polynomial character and indicates a decrease in the cetane number with an

increase in the autoignition temperature of the fractions.

It was found that the autoignition temperature of the investigated fractions, regardless of the type of polymer raw material, fluctuates in a rather
narrow range, from 229 to 348 ° C, and the cetane number — from 41 to 55 units. Based on the literature data, we note that exactly this range is close
to the range that commercial diesel fuels have, and the fractions studied by us can be used in the production of diesel fuel.

Key words: diesel fuel, secondary energy resources, polyethylene, polypropylene, de—gradation products, quality, flammability, spontaneous

combustion, cetane number.

Beryn. B ymoBax  iHrerpauii  Ykpainu 3
€BpOIIEHCHKUM Coro3oM (EC) BITYM3HSHA
HadromepepoOHa  ramy3b  3iTKHyJacs 3  I[IEBHHUMH

CKJIaIHOCTSIMHM, TIOB’SI3aHUMH 3 )KOPCTKUMH BHMOTaMHU 10
MOTOPHHUX Ta KOTEJIbHHUX MAJIUB, 30KpeMa I10 BMICTY CipKH
1 IHOMX CIONYK, SKi TOTPAIUIAIOTh 13 TPOSYKTaMHU
3TOpSIHHS TajikBa 10 HAaBKOJIMIIHBOTO CEpPEeJOBHINA Ta
YUHATH HAa HHOTO HeratuBHMH BIumB. HasBHa
BYIJICBOJIHEBA CHPOBHMHA Ta AII0YM TEXHOJIOTIUHI CXEMHU
OUHIIECHHS NMAIWBHUX (paKuiii HE 37aTHI 33T0BOJBHUTH
ICHYIOUHI1 ONUT Ha SKiCHE MAJIMBO B YMOBaX MPUHHATUX
B YKpaiHi CTaHAAPTIB €KOJIOTIYHOI OE3IeKH.

B reonomiTHYHUX yMOBax, IO CKJAJKHCS HaBKOJO
VYkpaiHn, HaWOLIPII  pamioHATPHAM Ta  HaWMEHII
3aTpaTHUM PIlICHHAM L€l MpoOJeMU € BUKOPUCTAHHS Y
CKJIaJli TOBApHUX IMAJHB KOMIIOHCHTIB, sKi OTPUMaHi 3
BTOPUHHUX CHEPrOPECYpPCiB 1 3[aTHI MOJIMIIYBATH SIKICTh
MAJMB Ta 3HIWKYBaTH ix coOiBapTticts [1]. Ilpm mpomy
BUKOPHUCTAHHS TaKUX KOMIIOHEHTIB MOTpeOye BCEOIYHOTO
Ta TJIMOOKOTO JOCHIKEHHS I1X  (Pi3MKO—XiMIYHHX
BJIACTHBOCTEH, BM3HAuUeHHs Kjlacy ix Hebe3neyHocTi Ta
BIUIMBY Ha JOBKULIA HPOJYKTIB 1X 3TOPSIHHSL.

AHaJIi3 OCHOBHHUX [OCATHEHb 1 JiTeparypm.
[IpoBeneHi mocmiKeHHs, SAKi MpEACTaBICHI y poOoTax
[2-5]

MPOAYKTIB TEPMIYHOI ACCTPYKIII MOTIMEPHOI CHUPOBHHU

CBiIYaTh NP0  MOJMJIMBICTh  BUKOPHCTAHHS
(momiermneHiB Bedaukoro ta Huzbkoro tucky (IIBJ Tta
IMHJ), noninpomineny (III1)) y sxocTi KOMHOHEHTIB

TOBApHUX IU3CIPHUX MaIWB. AJe TPH IBOMY TaKHH

MOKa3HUK, SK 3aMHCTICTh OTPUMaHMX (paKmii —
KOMITOHEHTIB, HE JIOCJIiI)KyBaBCSI.

Y  BIANOBIAHOCTI [0 MPAKTHYHOTO  JOCBIAY
3aCTOCYBaHHS  JAM3CABHMX  [AJIWB y  JBHTYHaX

BHYTpIlIHBOTO 3ropsiHHs ([IB3), 3aiMUCTICTh ANM3ENBHUX
MajvB BiJHOCUTHCS A0 4YHCIA I1X HaWBaKIHMBIIIAX
BJIACTHBOCTEH, BiJ HEl 3aJIC)KUTH JIETKICTb 3aIllyCKy Ta
xapakTep poOoTu BiacHe IBUTyHa [6, 7].

3aliMHCTICTh AM3ENBHOTO TajMBa IIOB’sA3aHa 3
nepiogom 3aTpuMku camo3zaitmanss (I13C). ITpu Bucoxux

3naueHHsix [13C — BigOyBaeThbcs mepeBHUTpaTa MalKBa,

30UIBIIY€THCS IIBUIIKICTh HAPOCTAHHS THCKY Y IMIIIHAPI,
IO NMPU3BOAMTH IO POOOTH JBHTYHA B YMOBaX yHapHHX
SK HacIllIOK, JO0 3MEHIICHHS WOro
I3¢c

TOTIpPIICHHST YTBOPEHHS CyMilll MajuBa 3 TOBITPSM,

HaBaHTaXEHb 1

Motopecypcy. Ilpu 3MeHIIeHHi BinOyBa€eThCs

BimOyBa€eTbCs 3HIDKCHHS TOTY)KHOCTI JBUTYHa Ta
BiZI0OyBaeThCsl mepeBuTpaTa naiuBa [8, 9]. 3almmuCTICTH
3aJICKUTh BiJA TPYHOBOTO Ta XIMIYHOTO  CKJIamy
JIM3EJIbHOTO MaJIMBa Ta OLIHIOETHCS TaKUM ITOKa3HUKOM
sk rietanoBe uucio (1Y) [10, 11].

3Bakaroun Ha BaxiauBicTe I[[U, 1eil moka3HUK
BXOJWTH IO TEpeNiKy MOKa3HWKiB [12], gKi miaIararoTts
000B’SI3KOBOMY BH3HAYE€HHIO Y BUMAJKy PO3POOKH HOBHX
3pa3KiB IW3ENbHUX IaJWB, MPH 3MiHI CHPOBHHHU I X
BUPOOHMLTBA 200 NMPU BUKOPHCTAaHHI Yy iX CKiali HOBUX
IBTEPHATUBHUX KOMIIOHEHTIB.

MeTto1o po6oTH €: Bu3HaueHHs nokazHuky LU ans
(bpakiii

NOJIMEPHOI CHPOBUHHU Ta IOCTIDKCHHS B3a€MO3B’SI3KY

OTPUMaHUX  TEPMIYHOIO JECTPYKIIEFO
mix Y, temmeparyporo mouyatky kwmiHHA (., °C) Ta
camo3aiimanHs (i, °C) dpakuiii.

MeTtoau OCTITKeHHS. [IpoBenene HaMH
J1abopaTopHe JIOCII/PKEHHSI BKIIIOYAJIO Y ce0e BU3HAYSHHS
Y 3a [13] ta Temmeparypm caMo3aiiMaHHS TIPOIYKTIB
(bpaxuiit 3 Temneparypamu Bukunanus 160-350 °C; 200—
350 °C; 240-350 °C) mectpykuii mojiMepHOI CHPOBHHH,
npH
BU3HAYCHHS TEMIIEPATYpH CaMO3aiMaHHs MPOBOJIMIIOCS Ha

OTPUMaHHX atmMocepHoMy — THCKy. [Ipudomy,
TIpUJIaJli KOHCTPYKIIisS SIKOTO, HaBeIEHO Ha puc. 1.

Meroavka BU3HAYEHHS TEMIIEpaTypu camMoO3aiMaHHs
TIOJIATAE Y 3aITOBHEHHI CTAaJI€BOTO TUTIIA (2) JOCTIKyBAaHUM
3pa3koM NpH TEMIEpaTypi HaBKOJMIIHBOTO CEPEIOBHIIA
Tak, MO0 BepX MEHICKa TOYHO 30iraBcsi 3 MITKOIO Ha THTJIL.
3aranbpHui 00°€M J10CIipKYBaHOTO 3paska ckiazgae 100 cm3.
Jaii tarens (2) BCTAaHOBIIOETHCS Y €IEKTpUUHy miuky (1), a
y JIOCTI/PKYBaHHI 3pa30K OIyCKaroTh TepMOMeTp (4), skuid
3akpituieHo TpumadeM (3) nHa mTatwBi (5). KepyBanms
HarpiBoM 3[IHCHIOETBCS 3a JONOMOIOI0 J1ab0paTopHOTo
aBToTpanchopmatopy. Ha movatky BUIpoOyBaHHS 3pa30K

HarpiBatoTh 31 mwBuaKicTio 10 20 °C/xB. a 3a 50 °C no
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nependoavyBaHoi TeMIepaTypu caMo3aliMaHHs, LIBH-
KicTe HarpiBy 3meHmrylots 10 2-3 °C/xB. Ilim wac
NIPOBEJICHHS JIOCIIPKEHHSI HEOOXiTHO 3amodiraTté pyxy
MOBITPs OJIM3BKO THIJIA 31 3pa3koM. Jlami, 3a TOTIOMOTOI0
TepMoMeTpy (4) peecTpyloTh HaMHIKUY TeMIeparypa
OCTIKYBaHOTO  3pa3Kka, TpH sAKiH  BigOyBaeThCs
3aliMaHHs mapiB 3pa3ka 1 BHHUKA€ CTiHKe TOPIHHSA
HpOTAroM He MeHIe 5 ¢. L{ro TemnepaTypy BBaXaroTh K
CIOCTEpEKyBaHy TEMIIEpaTypy caMo3aliMaHHs JIOCIiKY-

BaHOT'O 3pasKa.

=

| ~220V, 50Hz
[ ]

Pucynoxk 1 — [Mpunaz 11 BU3HAYCHHS TEMIIEPATYPH
caMo3aliiMaHHs

1 — enexTpuyHa MivKa; 2 — CTaJEBUH TUTENb; 3 — TpUMaY;
4 — TepMOMeTp; 5 — IITATUB

CkoperoBaHe Ha aTMOC(QEpHHH THCK 3HAYCHHS

TEMIIepaTypu  caMo3aiiMaHHS  PO3paxoByBaJoCs  3a

(OpMYJIOI0 HACTYITHOTO BUIJISIY:

Tc.s.. = TC.3..B. +O’25 ‘0113 _p: (1)
ne T.,,— TemmepaTypa camo3aiiMaHHS, BH3HAu€Ha TpHU
0apOMETPUYHOMY THCKY HAaBKOJIHIIHBOTO CEPEIOBHIIA,
° C p-
cepenoBuia, klla.

0apOMETPUYHUN THCK HABKOJHIIHBOTO

Pe3ysibTaTH eKCHEPUMEHTAIbHUX TO0CTiAKEeHb.
Pesynbrati MpOBeCHUX JOCTIIKEHb MPEIACTABICHO Y
rpadiuHoMy BUIISAIl (quB. puc. 2—4) sK 3anexHocTi i,
Y Bim t,,, rta Y Bixm t., HesamexHo Bim tHIy
MOJIIMEPHOI CHPOBUHU 31 30iJBIICHHSM BEJIWYUHH t,, Y
BCIX JIOCIIJUKYBaHHUX Np0o0ax BigOyBa€ThCS 3MEHIIECHHS
BEJIMYUHHU t. , Ta 301bIIeHHs Benuunan [[Y.

XapakTep OTPUMAHHX 3aJIC)KHOCTEH € IOBHICTIO
mo Oynu

IIEHTUYHAM JI0 ICHYIOUHMX 3aJIe)KHOCTEH,

OTpI/IMaHi BITUM3HSHUMU Ta 3aKOPpAOHHUMU

JOCIIITHUKAMU ISl AM3ENbHUX (pakUiii Ta TOBapHHUX
JM3SJIBHAX TTAUB HA()TOBOTO MOXOIKEHHA. A came, IpH
30UIBIICHHI TEMIIEPATypH KUITIHHS (pakiii BigOyBa€eThCs
3MEHIIIEHHS TeMIIEpaTypH caMo3aiiMaHHS Ta 301IbIICHHS

14 [7, 8].
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PucyHOK 2. — 3aiexHICTb t., Bl t, . (a):
1 - s ¢pakuiit 3 moIieTUIeHOBOI CHPOBHUHY;
2 — nnst Gpakuii 3 MOMINPOITiICHOBOT CHPOBHHI
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Pucynoxk 3. — 3anexnicts LY Bin t, . (a):
1 - nns ¢paxuiii 3 MoTieTHICHOBOI CHPOBHHH;
2 — nnst Gpaxuiit 3 NONiNpPOMiIEeHOBOT CHPOBHHH
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Pucynok 4. — 3anexuicts LU Bin t. , (a):
1 - nns dpaxuiii 3 MOTieTHICHOBOI CHPOBHHH;
2 — nnst Gpaxuiii 3 NONiNpPoMiIeHOBOT CHPOBHHH

[IpencraBnena Ha puc. 4 3aJI€XHICTH MTOKA3yeE, IO 31
30UTBIICHHAM BeMHYUHH ., y BCIX JOCHIIKYyBaHUX

Po3paxoBani piBHSHHS perpecii Al KOXHOI OTpHUMaHOI

npobax BimOyBaeThCS 3MCEHIICHHS  BEITUYHHU

3aJIe)KHOCTI HaBeJeHO y Ta0u. 1.
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JELC G 4 = 0,0825x%t,  + o4 =0,1213xt, .+ Sadikur Rahman, M. Molla // Energy and power engineering. —
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. .. Conventional Fuel Composition and Properties on Diesel Engine
ACCTPYKLII1 HOMIMCPHOL CHPQBHHH’. Performance and Pollutant Emissions” / T. C. Zannis, R.
Bucnosku. [IpoBezeHi 1ocmipKeHHs MOKa3aiy, 110 Papagiannakis, E.A. Yfantis, Y. Levendis. Nova Publishers,
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SIKi OTPMMaHi LUISIXOM TepMidHOI AeCTPYKLLi MoMiMepHOi 11. Ickes A.M. Effect of fuel cetane number on a premixed diesel
. . . . . combustion mode /  A.M. Ickes, S.V. Bohac, D.N. Assanis //
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2018. Ne 5 (167). P. 148-154. URL:
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http://nvngu.in.ualjdownloads/pdf/2018/05/05_2018_Pysar.pdf 1149-1153. , o
2. Mardupenko A. Production of boiler and fumace fuels from 3. Al-Salem S.M.Recyclmg and recovery routes'of'plastlc solid waste
domestic wastes (polyethylene items) / Aleksey Mardupenko, (PSW): A re-view/ S.M. Al-Salem, P. Lettieri P, J. Bagyens //
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ABDULHADI SAIF ALI, A.G. TULSKA, V.B. BAYRACHNYI, I.V. SYNKEVICH

ON THE KINETICS OF ANODIC PROCESSES AT OXIDATION OF AQUEOUS SOLUTIONS OF
DIMETHYL SULFOXIDE

Dimethyl sulfoxide is a feedstock for a large number of organic substances syntheses. Nowadays research is considerably focused on the production
of general products of dimethyl sulfoxide oxidation — dimethyl sulfone and methane sulfonic acid. Dimethyl sulfone is well-known as a food
supplement for the treating and strengthening of human joints and ligaments. dimethyl sulfone is basically synthesized by oxidation of dimethyl
sulfoxide in hot 30 % hydrogen peroxide in glacial acetic acid. Synthesis is accompanied by significant losses of hydrogen peroxide, the target
product has to be significantly purified. It becomes possible to control the synthesis of pure dimethyl sulfone and methane sulfonic acid when using
the electrochemical method of oxidation of dimethyl sulfoxide in its aqueous solution with chemically resistant anode and high overvoltage of oxygen
reaction Controlled synthesis is relevant because sulfur tends to change the oxidation rate. Study of kinetics of anodic processes at platinum electrode
was performed in the dimethyl sulfoxide concentration range about 1.0...4.0 mol-dm . Current raise was observed at potentials that are more positive
than 1.3...1.4 V. This potential range corresponds to oxygen release. Dissolved sulfuric acid (0.2 mol-dm®) was added in order to inhibit the oxygen
release and achieve the potential for the formation of peroxide radicals in aqueous solutions of dimethyl sulfoxide. It is known that sulfate ions are
adsorbed on the surface of the platinum anode, displacing molecules of protonated water. This allows to shift the potentials and increase of the
electrolysis current in 0.2 mol-dm™ H,SO, to 1.7...1.9 V. It indicates the processes of formation of peroxide radicals on the surface of the platinum
anode. Further shift of the anode potential into more positive area than 2.00...2.05 V leads to a rapid increase in current density. At such potentials,
dimethyl sulfoxide and dimethyl sulfone are oxidized to methane sulfonic acid with a parallel oxygen and hydrogen peroxide release. Current-voltage
study has shown that the oxidation of dimethyl sulfoxide in aqueous solutions runs through the formation of dimethyl sulfone. When conducting
electrochemical synthesis with control of the anode potential, it is possible to produce dimethyl sulfone without further oxidation to methane sulfonic
acid. The addition of 0.2 mol-dm® H,SO, to aqueous dimethyl sulfoxide solutions inhibits oxygen release and intensifies oxidation of dipole dimethyl
sulfoxide molecules adsorbed on the platinum surface. The influence of adsorption processes on the kinetics of anode processes at the platinum anode
in aqueous solutions of dimethyl sulfoxide at high anode potentials has been studied.

Keywords: dimethyl sulfoxide, dimethyl sulfone, methane sulfonic acid, controlled synthesis, platinum electrode, oxygen release, peroxide radicals,
ultimate current

ABJIYIXATI CAI® AJIl, A.T. TYJIbCbKA, B.5. BAHPAYHHH, I.B. CTHKEBHY

KIHETUKA AHOJHHUX IMTPOIECIB ITPU OKUCJIEHHI BOOJHUX PO3YHUHIB
JUMETHICYJIb®OKCUAY

JumeTnncynb(okcua € CUPOBUHOIO y BENIUKIH KiJIbKOCTI CHHTE3IB OpraHIYHMX PEYOBHMH. 3HAUHHI IHTEpEC SBIISE OJEPIKaHHS LITbOBUX MPOJYKTIB
OKHCJICHHSI JIMMETHICYIb(GOKCHIY — AUMETHICYIb(GOHY Ta MeTaH Cyab(oKHucIOoTH. JuMeTwicynb()oH MOIIMPEHHH SK Xap4yoBa AOMIIlKa, IO
MpU3HAYeHA JUIs JIIKYBAaHHSA 1 YKPIIJIGHHS CYCTaBiB M 3BA30K JIFOJMHHU. 32 3BUYAM, IUMETWICYIb(OH CHHTE3YIOTh UIIIXOM OKHCICHHS
nuMeTHiICynbhokenay rapsanm 30 %—HUM PO3YMHOM MEPOKCHAY BOMHIO B KPIDKaHi OHTOBIH KucioTi. CHHTE3 CYMPOBOMKYETHCS 3HAYHHUMH
BTpaTaMH MEPOKCHUIY BOIHIO, IIIbOBUH MPOIYKT MiJyIsArae 0araToCTyleHeBOMY OYHMIIEHHI0. MOXXIIMBOCTI KEPOBAHOTO CUHTE3Y AMMETHICYIBGOHY 1
MCK BHCOKOI YHCTOTH 3’SIBIISIFOTHCS P 3aCTOCYBAHHI ENIEKTPOXIMIYHOTO METOMY OKHCICHHS AUMETHICYIb(OOKCHIY Y HOr0 BOAHOMY PO3YHHI Ha
MaJio 3HOIIYBAaHOMY aHOJI 3 BUCOKOIO MEPEHANPYrol0 KUCHEBOI peakiii. MOKINBOCTI TaKOrO KEPOBAHOTO CHHTE3Yy € aKTyaJbHUM 4Yepe3 3JaTHICTb
cynb(ypy 10 JErkoi 3MiHH CTyMeHs1 OKUCIEHHS. JlOCTiIKeHHs] KIHeTHKA aHOAHHUX MPOIECIB HA IUIATHHOBOMY €JIEKTPOJi MPOBOAWIM B Aiama3oHi
kouuenTpariit 1,0...4,0 moms-am ° uMernicyabhoxcuy. IlimioM CTpyMy eTeKTpoi3y CIoCTepiraBest IpH MOTEHIIANaX, MO € GibIl MO3UTHBHIME
3a 1,3...1,4 B. 3a Takux NOTEHIiaJdiB HA IUIATHHOBOMY AaHOJI, BKPUTOMY IIAapOM OKCHIB IUIATHHH, BiNOYBA€ThCS BHIUICHHS KUCHIO. Jlist
raJbMyBaHHS NPOLECY BUAUICHHS KUCHIO 1 JOCATHEHHS IOTEHLIANB YTBOPEHHS MEPOKCUAHUX PAJUKAIIB Y BOAHI PO3YMHU TUMETHICYIb(OKCUIY
nofanu cymb(aTHy KHCI0TY y KimbkocTi 0,2 Momb-aM . Lle 103BOIIsE 3CYHYTH HOTEHIIaNK igiioMy cTpyMy enekTpomisy y 0,2 Moms-am > H,SO4 10
1,7...1,9 B. lllo Bka3dye Ha NpoLECH YTBOPEHHsS IMEPOKCHAHMX pAJWKAIiB Ha IOBEPXHI IUIATHHOBOTO aHOAY. [IpHM JOCSTHEHHI MOTEHIialiB
1,78...1,80 B cnocrepiraerecsi rpaHM4Ha TyCTHHAa aHOAHOTO CTPyMy. 3HAY€HHS TPAHUYHOI TYCTHHHM aHOJHOTO CTPYMY TaKOX 3aJeXHUTh Bil
KOHLeHTpawii aumeruncynspokcuny. Tak, mns 1,0 MOJIb- M ° IUMETHICYIb(GOoKCUIy, noxaBaHusMm 0,2 MOJIB- M H,SO4, rpanmvHa TycTHHA
aHOJHOTO CTPyMy CKianae 32 MA~CM’2, a ms 4,0 MOJIB- M ° TuMeTuicynbdokeuay, noaaBanusam 0,2 Monb- M ° HpSOs, — 55 MA-cm 2. Tloganbiie
MiABUIIEHHS KOHLEHTpAL] AUMETHICYIb(MOKCHIY B EIEKTPOJITI HE NPU3BOAUTD A0 30UIbIICHHS TPAHMYHOI TYCTHHU aHOAHOTO cTpyMy. Lle MoxxHa
MOSICHUTH TTIOBHUM BHTICHEHHSM MOJICKYJ MPOTOHOBAHOI BOAM 3 MOBEPXHI IUIATMHOBOTO aHOAY i 3HUKHEHHSM JUKEpea YTBOPEHHS TiJAPOKCHIBHUX
rpyn. Iloganpmmii 3cyB aHOIHOrO MoTeHIiany nozutuBHime 3a 2,00...2,05 B npu3BoauTh 10 CTPIMKOTO 3pOCTaHHS TyCTHHH cTpymy. [Ipu Takmx
MOTEHIiaNIax TUMETWICYITb()OKCUA 1 JUMETHICYIb()OH OKHCIIOIOTBCS 10 METaHCYIb()OHOBOI KHCIOTH 3 MapalelbHUM MepebdiroM ImporeciB
BHIJICHHS KUCHIO 1 IEPOKCHY BOJHIO.

KiouoBi ciioBa: numerwicyiabQoKcua, AUMETHICYIb()OH, MeTaH Cylb()OHOBA KUCIOTA, KEPOBAaHMW CHHTE3, IUIATUHOBUM €IEKTPOI, BHIIICHHS
KHUCHIO, TIEPOKCH/IHI Pa/IKaji, TPaHNYHA T'YCTHHA CTPYMY.

© Abdulhadi Saif Ali, A.G. Tulska, V.B. Bayrachnyi, I.V. Synkevich, 2021
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ABJIYIIXAJH CAH® AJIH, A.T. TY/IbCKAA, B.B. BAHPAYHbIH, H.B. CECHKEBHY

KHUHETUKA AHOJAHBIX ITPONECCOB ITPU OKUCJIEHNU BOJJHBIX PACTBOPOB
JUMETHICYJb®OKCHUIA

Jumernncynb(HOKCHa SBISETCS HUCXOAHBIM PEAreHTOM B IPOLIECCE CHHTE3a OOJBIIOTO aCCOPTUMEHTa OPraHMYECKUX BELICCTB. 3HAYMTEIbHBII
HWHTEPEC MPEICTABIISET MOJTYYCHUE IIENEBBIX MPOIYKTOB OKUCICHHS JTUMETHICYIb()OKCHAA — TUMETWICYIb(OHA U METaH CYIb()OHOBOW KHUCIIOTHI.
JumernincynbHoH pacHpoCTpaHeH Kak MUILEeBas NOOaBKa, NMpeAHA3HAYCHHAsS IS JICYCHUS M YKPEIUICHUS] CYCTaBOB U CBSI30K 4enoBeka. OOBIYHO,
JIUMETHIICYIb()OH CHHTE3UPYIOT ITyTEeM OKHCIICHUS TUMETHICYIb(okcuaa ropstaimM 30 % —HbIM pacTBOPOM MEPEKKUCH BOJOPOJIA B JIEASHON YKCYCHOM
kucnore. CHHTE3 CONMPOBOXKIACTCS 3HAYUTEIBHBIMH MOTEPSIMU MEPOKCHA BOAOPOA, LEICBOW MPOIYKT MOMJIEKHUT MHOTOCTYIICHYATONH OUHCTKE.
Bo3moxHOCTH ympaBisieMoro cuHre3a auMmeriicyibpona 1 MCK BBICOKOI YHUCTOTBI MOSIBISIOTCS MPU MPUMEHEHUH YJIEKTPOXUMUYECKOT0 METOA
OKHCJICHHS AUMETHICYJIb()OKCHIA B €r0 BOJHOM PACTBOPE HA MaJl0 M3HALIMBACMBIX aHOJE C BBICOKOH MEpPEHANPSHKCHUEM KUCIOPOTHOM peaKiyu.
B03MOXXHOCTH TakKOro YNpaBlsIeMOTO CHUHTE3a SIBISICTCS aKTYyaJbHBIM M3—3a CHOCOOHOCTH CEpbl K JIETKOMY HM3MEHEHHIO CTEIEHH OKHCIICHHS.
HccenoBanye KHHETHKH AHOJHBIX POLECCOB HA IUIATHHOBOM SJIEKTPOJE MHPOBOMWIM B juanasoHe KoHmeHtpammii 1,0...4,0 Momb-aM
numetwicynbdokenaa. [loapeM TOKa NpH AIEKTPOJHM3E HAOMIOJANICS NMpU MOTEHIMal ax, Oojee MOJOXKUTENbHBIX, YeM 1,3...1,4 B. TIpu Takux
MOTEHIMajaX Ha IUIATHHOBOM aHOZE, MOKPBITOM CJIOEM OKCHJOB IUIATHHBI, NPOMCXOIWT BBIJIENIEHHE Kuciopona. s TOpMOXkeHHs Iporecca
BBIJICJICHUS KACIIOPO/Ia U JIOCTIIKCHHS TIOTCHIIMAIOB 00pa30BaHUs MEPOKCHIHBIX PAIUKaJIOB B BOJHBIC PACTBOPBI AMMETHIICYIIBPOKCHIA TOOABHIH
cyib(aTHy0 KHCIOTY B KouuecTBe 0,2 MOJb-IM °. ITO 03BOJISET CIBUHYTH MOTEHIHANBI ObEMA TOKa 3J1eKTpoiu3a 1o 1,7...1,9 B. UTo ykaspiBaer
Ha TIPOLECCH 00pa30BaHMs MEPOKCHIHBIX PaJUKaJOB Ha IOBEPXHOCTH IUIATHHOBOrO aHona. Ilpu moctmkeHun noteHuuanos 1,78...1,80 B
HaOJI0JaeTcs TpenelibHas IUIOTHOCTh aHOJHOTO TOKAa. 3HAUCHHE MPEACNbHOM IUIOTHOCTH AHOMHOTO TOKa 3aBHCHUT OT KOHICHTpAlUH
numerricyabhoxenna. Tak, ms 1,0 Momb-aM > aumericynsdokensa, ¢ qobasnerneM 0,2 Moib-aM - HySO,, npeenbHast II0THOCTh aHOTHOTO TOKaA
cocraBisier 32 MA~CM’2, a s 4,0 MOJIBb-IM nuMeTwICyb(okenaa, ¢ gobasnenuem 0 2 MOJIB-IM H,SO,, — 55 MA-cM 2 JlanpHeiiiee MoBbIIICHNE
KOHLICHTPAIMU JIUMETHIICYJIb(GOKCHIA B JICKTPOINTE HE IPUBOAUT K YBEIMYCHHIO MPEICTBHON TUIOTHOCTH aHOIHOTO TOKA. DTO MOXHO OOBSCHUTH
MOJIHBIM BBITECHEHHEM MOJIEKYJ IMPOTOHUPOBAHHOM BOJBI C IOBEPXHOCTH IUIATMHOBOTO aHOJAa M HCUYC3HOBEHHEM HCTOYHHMKA O0Opa3oBaHUs
THJIPOKCWIIBHBIX rpymil. JlanbHelimee cMemenne aHoqHoro norennuana Boime 2,00...2,05 B npuBoIUT K CTpEMHUTENBHOMY POCTY IUIOTHOCTH TOKA.
Ilpu TakuxX MOTEHIMANAX AUMETHICYJIBL(OKCUI U TUMETHICYTb()OH OKHUCISIOTCS J0 METaHCYJIb(OHOBOI KHCIIOTBI C MapauIeIbHBIM POTEKAHHEM
MIPOLIECCOB BBIAEIEHUS KUCIOPOJa H IEPOKCH A BOJOPOIA.

KiwueBble c¢10Ba: JUMETWICYJIBGOKCH, JAUMETHICYIb()OH, MeTaH CyJab(OHOBas KUCIOTA, YNPABISEMbId CHHTE3, IUIATHHOBBIA DIIEKTPO]I,
BBIJIEJIEHUE KHUCIIOPO/a, TIEPOKCUAHBIC PAUKAIIBI, TPeJieNIbHAs ITIOTHOCTh TOKa.

Introduction. Dimethyl sulfoxide (DMSQO) is a It becomes possible to control the synthesis of pure

feedstock for a large number of organic substances
syntheses. Nowadays research is considerably focused on the
production of general products of DMSO oxidation —
dimethyl sulfone (DMS) and methane sulfonic acid (MSA).

DMSO is indefinitely soluble in water. The dipole
moment of DMSO is 13.21-10° Kl'm (3.96 D), at which
point it can be considered an aprotic bipolar solvent with
high dielectric constant (¢ = 46.7). Sulfur has an unshared
pair of electrons in the DMSO molecule [1,2], which
makes it a participant of anodic reactions at high anode
potentials. During the anodic process sulfur (IV) DMSO
is easily oxidized to sulfur (VI) DMS.

DMS is well-known as a food supplement for the
treating and strengthening of human joints and ligaments.
DMS is basically synthesized by oxidation of DMSO in
hot 30 % hydrogen peroxide in glacial acetic acid.
Synthesis is accompanied by significant losses of
hydrogen peroxide, the target product has to be
significantly purified [1, 2].

At higher oxidation potentials, DMSO and DMS are
oxidized to MSA. The initiators of the oxidation of
DMSO and DMS are: concentrated sulfuric acid,
peroxides, acetic anhydride, ozone, ultraviolet radiation
[3-6].

DMS and MSA when using the electrochemical method
of oxidation of DMSO in its aqueous solution with
chemically resistant anode and high overvoltage of
oxygen reaction [7]. Controlled synthesis is relevant
because sulfur tends to change the oxidation rate [8, 9].

Experiment methods. Anodic processes in DMSO
water solutions were studied by voltammetry at a
potentiostat P-45X. The study was performed in a three—
electrode cell. As an anode there was used a platinum
plate with the reaction surface 2.6 cm? The reverse side
of the platinum plate and the drain were insulated with
epoxy resin. The cathode was a platinum plate of a similar
plane. The reference silver chloride electrode contacted
the main electrode by means of the Lugin capillary
through a glass key.

Aqueous solutions were prepared using chemically
pure DMSO and distilled water. After that chemically pure
sulfuric acid was added to the solution. The temperature of
electrochemical studies was 291... 293 K. The oxidation
products were analyzed by IR spectrometry.

Results and discussion. Study of kinetics of anodic
processes at platinum electrode was performed in the
DMSO concentration range about 1.0... 4.0 mol-dm™.
Current raise was observed at potentials that are more
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positive than 1.3... 1.4 V. At such potentials platinum
anode is covered with a layer of platinum oxides, oxygen
is released according to the equation:

2H,0 = 0, +4H" +4¢, B} 5,0 =1,228V .

To get DMSO oxidized to DMS it is necessary to
reach the potential of peroxide radicals formation.
Particularly for hydrogen peroxide those potential have to
be higher than:

2H,0 = H,0, + 2H" + 2, Egzomzoz =1,776V .

Dissolved sulfuric acid (0.2 mol-dm®) was added in
order to inhibit the oxygen release and achieve the
potential for the formation of peroxide radicals in aqueous
solutions of DMSOQO. It is known that sulfate ions are
adsorbed on the surface of the platinum anode, displacing
molecules of protonated water. This allows to shift the
potentials and increase of the electrolysis current in 0.2
mol-dm™ H,S0, to 1.7... 1.9 V. It indicates the processes
of formation of peroxide radicals on the surface of the
platinum anode.

During the electrolysis of aqueous solutions of 1.0...
4.0 mol-dm™> DMSO with the addition of 0.2 mol-dm™
H,SO,, raise of electrolysis current begins at 1.4... 1.5 V.
As the concentration of DMSO increases, the rise of
potential of distribution of DMSO molecules into the
anode layer decreases.

The following processes can be observed at
potentials of 1.4... 1.5 V at the platinum anode:

PtO + H;0" — PtO(OH) + 2H" + e
PtO(OH") - PtO(OH-) + e

Hydroxyl radicals adsorbed on the platinum anode
are highly active [10 — 12]. They can take part both in the
formation of oxygen and in the oxidation of dipole
DMSO molecules adsorbed on the platinum surface:

PtO(OH-) + (CHj3),S(0) — PtO + (CH3),S(O)OH-

(CH3),;S(0)OH-— (CH3),S(0), + H + e

The ultimate current density is reaches when the
potentials reach 1.78... 1.80 V. The value of the limiting
anode current density also depends on the DMSO
concentration. Thus, for 1.0 mol-dm® DMSO, by adding
0.2 mol-dm > H,S0,, the limit density of the anode current
is 32 mA-sm™ % and for 4.0 mol-dm® DMSO, by adding 0
, 2 mol-dm ™ H,S0,, — 55 mA-cm™ 2. A further increase in
the concentration of DMSO in the electrolyte does not

increase the limiting anode current density. This can be
explained by the complete displacement of protonated
water molecules from the surface of the platinum anode
and the disappearance of the source of formation of
hydroxyl groups.

Further shift of the anode potential into more
positive area than 2.00... 2.05 V leads to a rapid increase
in current density. At such potentials, DMSO and DMS
are oxidized to MSA with a parallel oxygen and hydrogen
peroxide release.

Significant influence of adsorption processes on the
kinetics of anode processes at the platinum anode, at high
anode potentials, depending on the DMSO concentration
is presented at the figure.

For an aqueous solution of DMSO, with a
concentration of 1.0 mol-dm=, on the Current—voltage
lines in the Tafel coordinates, 3 sites with electrochemical
kinetics are observed. They consistently correspond to
oxygen release area; release of hydrogen peroxide and
oxidation of DMSO to DMS; oxidation of DMSO and
DMS to MSA. When the concentration of the aqueous
solution of DMSO reaches 2.0 mol-dm~, the anode
processes in the second and third sections of the Current—
voltage lines depolarize by approximately 200 mV.
Oxygen release potentials increased by 40... 50 mV due
to the increasing participation of DMSO molecules in
adsorption processes at the platinum anode.

A further increase in the concentration of the
aqueous solution of DMSO to 4.0 mol-dm™ leads to an
increase in the anode potentials, in comparison with the
aqueous solution of DMSO 2.0 mol-dm3, by 150... 160
mV. Oxidation of DMSO is combined with the release of
oxygen.

Nevertheless conducted research does not allow to
determine the operating ranges of concentration of
aqueous solutions of DMSO and current densities for each
of the studied combined processes.

The next stage of research should be balance studies
with the determination of the current output for each of
the processes for the studied concentrations of aqueous
solutions of DMSO and areas of potentials corresponding
to electrochemical control.

Conclusions. Current—voltage study has shown that
the oxidation of DMSO in aqueous solutions runs through
the formation of DMS. When conducting electrochemical
synthesis with control of the anode potential, it is possible
to produce DMS without further oxidation to MSA. The
addition of 0.2 mol-dm™ H,SO, to aqueous DMSO
solutions inhibits oxygen release and intensifies oxidation
of dipole DMSO molecules adsorbed on the platinum
surface. The influence of adsorption processes on the
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kinetics of anode processes at the platinum anode in
aqueous solutions of DMSO at high anode potentials has
been studied.
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C. I. JEPIBO, C. A. JIELIIEHKO, B. I1. TOMO30B, IO. I. KOBAJIEHKO

EJIEKTPOXIMIYHE OCA’KEHHS CIIJIABY OJIOBO-IIMHK 3 HUTPATHO-AMIAKATHOT' O
EJIEKTPOJIITY

JlocnikeHO KaTO/HI TIPOLIECH €IEKTPOXIMIYHOrO OCaIXKEHHs CILIaBy OJIOBO—IMHK B LIUTPaTHO—aMiakaTHUX enektpoiitax. KoHueHTpauii OCHOBHUX
KOMIOHEHTIB J0C/IKYBAaHOTO enekTponity (r/am°): onoa xmopua (SnCly2H,0) — 44, muuky okenn (ZnO) — 4, amowiro xmopuz (NH,CI) — 100,
natpito mutpar (NazCeHsO7) — 100. Cromspruii kieii (1,5 r/am°) Ta HeoHON (4 MI\IM®) 10JABAN B EEKTPOIT SIK [TOBEPXHEBO—AKTHBHI PEUOBHHH.
BcTaHoBIIEHO, 10 SKICHI MOKPUTTA O3 HiirpiBy Ta mepeMilyBaHHs 0CaIKyIOThCs TUIbKH B aianazoni pH Bix 6,0 1o 7,0. [logaBaHHs 10 €NEKTPOIITY
BKa3aHUX PCYOBUH OYiKYBAHO IPU3BOAMIO JO IaIbMyBaHHS BiJHOBICHHS METANIB, IIOKPAIICHHSA KPHCTAIYHOI CTPYKTYPH OCajy, aje 3MCHIIYBAIO
KaTOIHUI BHUXin 3a cTtpymoM. JlocimifKeHHs, MPOBEICHI 3a IOMOMOroK KOMIpkd Xyilla, MMOKa3aid, L0 EJIEKTPOJIT, SIKHI MICTHTh HEOHON SIK
MOBEPXHEBO—AKTHBHY PEYOBHHY, MPOJEMOHCTPYBAB HAMKpaIly pO3CiIOBaIbHY 3IaTHICTh y MOPIBHSIHHI 3 IHIIMMH PO3YHHAMHE. 3aJCKHICTh BUXOLY
CIUIAaBY 3a CTPYMOM BiJl KATO/HOI 'YCTHHH CTPYMy MOKa3ala, IO B Jiara3oHi rycTuH cTpymy Bix 0,5 A/mm? 1o 4 A/nm? Buxin 3a cTpyMoM HemiHitiHO
3MeHmyetbest 3 82 % mo 52 %. ExcrepuMeHTanbHO Ofep)kaHa 3aleKHICTh BMICTYy LMHKY B CIUIaBi BiJl KAaTOMHOI T'YCTHHH CTPyMy MOKa3aja
MOXKITUBICTD OCPIKaHHsI CIUIABIB 3 BMICTOM LMHKY Bix 8 % 10 33 %. OnepxxaHi pe3yabTaTé AO3BOJIMIN BU3HAYMTH, IO IS OCAKEHHs CIUIABY 3
BMmicToM 1uHKY 20-25 %, sikuii 3a0e3nedye HalKpali aHTHKOPO3iliHi BIACTUBOCTI MOKPUTTS, HEOOXIAHO 3ifICHIOBATH MPOLIEC IPH KATOAHIH T'yCTHHI
ctpymy 1,5-2,0 Alnm?, Mpy [bOMY BHXiZ 3a cTpyMoM ckiamae Omusbko 70 %, mBuakicts ocamkenHs cruiaBy — 0,44-0,54 mxm/xB. Onmepikai
MOKPHUTTS MAIOTh HAMIBOIUCKYYHi BUITISAA, OPIOHOKPHCTANIYHY CTPYKTYPY, CBITIO—CIpHii KOJIip, Z00pe 34erieHi 3 OCHOBOIO.

KiiouoBi ciioBa: ranpBaHOTEXHiKa, CIUIAB OJIOBO—LIMHK, UTPATHO—aMiaKaTHHI EIEKTPOJIT, BUXiJ 32 CTPYMOM, PO3CIIOBalbHA 3aTHICTh, KOMIpKa
Xymna

C. I. JEPUBO, C. A. IEIIIEHKO, B. I1. TOMO308B, I0. H. KOBAJIEHKO

SJIEKTPOXUMHNYECKOE OCAXKIEHUE CIIJIABA OJIOBO-IIMHK U3 HUTPATHO-
A MMHMAKATHOTI'O 9JIEKTPOJIMTA

HccnenoBanbl KaTOIHBIE MPOILECCH  3IEKTPOXHMMHYECKOTO OCAKACHHS CIUIaBa OJIOBO—IMHK B IIUTPATHO—a MMHAKaTHBIX 3JIEKTPOJINTAX.
KOHIIEHTPAIIMH OCHOBHEIX KOMIIOHEHTOB HCCIIENyeMOro s1eKTponuTa (r/am’): onosa xiopua (SnCly2H,0) — 44, (umuka okenn) ZnO — 4, a MMOHHS
xnopua (NH,CI) — 100, natpuit muvorHokucbii (NasCgHsO7) - 100. Cromsprprii ke (1,5 v/1m°) n Heonon (4 Mn\aM®) 10GaBIAIH B IEKTPOITHT B
KauecTBE IIOBEPXHOCTHO—AKTHBHBIX BEIIECTB. Y CTAHOBIIEHO, YTO KAYECTBEHHBIC OKPHITHS O€3 MOIOrPeBa M TIePEMEINBAHNS OCAXKTAFOTCS TOIBKO B
muanazoHe pH or 6,0 mo 7,0. JloGaBneHne B 3NMEKTPOIMT YKA3aHHBIX BEIIECTB MPOTHO3MPOBAHO NPUBOJWT K TOPMOXXEHHWIO BOCCTAHOBIICHHS
METAJUIOB, YITYYIIEHHIO KPUCTAILTMIECKOI CTPYKTYpPBI OCaJIka, HO YMEHBIIAeT KaTOIHBII BBIXOJ 110 TOKY. MccnenoBanus, MpoBeIEHHBIE C TOMOIIBIO
saeiikyn XyIuta, MOKa3al, 4TO 3JIEeKTPONIHT, COAEprKalliii HEOHOT B KaUeCTBE NMOBEPXHOCTHO—AKTHBHOTO BEIECTBA, MPOJEMOHCTPHPOBAT JIYUIITyIO
paccenBaronIyro CriocCOOHOCTB 110 CPABHEHHUIO C JIPYTHMHU PacTBOPAaMH. 3aBHCHMOCTh BBIXOJIA CIITaBa 10 TOKY OT KaTOIHOH MIIOTHOCTH TOKa MOKa3aa,
YTO B JMAma3oHe TIOTHOCTeH Toka oT 0,5 A/mM? 1o 4 A/mM® BBIXOT 1O TOKY HETHHEHHO yMeHbmiaetcs ¢ 82 % 1o 52 %. DKCHepHMEHTaTbHO
TIOJTydEHHasl 3aBUCHMOCTb COJIEP KaHMs IIMHKA B CIUIABE OT KaTOJHOM MIIOTHOCTH TOKA MOKAa3ajia BO3MOKHOCTB NONYYEHHS CIUIABOB C COJCPKaHUEM
uHKa 0T 8 % 10 33 %. IlomydeHHBIe pe3ysIbTaThl MO3BOIMIIH ONPEASIHTH, YTO JUIS OCAXIEHHS CIUIaBa ¢ cojepikaHueM IuHKa 20-25 %, KOTOphIit
obecrieunBaeT JTydIIie aHTHKOPPO3HOHHBIC CBOWCTBA ITOKDBITHS, HEOOXOAMMO OCYIIECTBIIAThH NMPOIECC NMPH KAaTOJHOH IIoTHOCTH Toka 1,5-2,0
A/IM?, TIpH 3TOM BBIXOJ MO TOKY cocTaBlisier okono 70 %, ckopocTh ocaxaeHns crnasa— 0,44-0,54 mxm/MuH. TTonydeHHbIE MOKPHITHS HMEIOT
TOTyONIECTSMUIA BUJT, MEKOKPUCTAILTMIECKYIO CTPYKTYPY, CBETIIO—CEPHBIH I[BET, MPOYHO CIIETIICHBI C OCHOBOM.

KaodeBrie c10Ba: raibBaHOTEXHHUKA, CIUIAB OJOBO—IMHK, IIUTPATHO—a MMHAKATHBIA 3JIEKTPOIHT, BBIXOJ 110 TOKY, PaCCEHMBAIOMIAsl CIIOCOOHOCTB,
sdeiika Xy,

S. G. DERIBO, S. A. LESHCHENKO, V. P. GOMOZOV, YU. I. KOVALENKO

ELECTROCHEMICAL DEPOSITION OF TIN-ZINC ALLOY FROM CITRATE-AMMONIA
ELECTROLYTE

The cathodic processes of electrochemical deposition of a tin—zinc alloy in citrate—ammonia electrolytes have been investigated. The content of the
main components of the investigated electrolyte (g/dm®): SnCl,2H,0 — 44, ZnO — 4, NH,CI — 100, NazCsHsO; — 100. Wood glue (1.5 g/dm?) and
neonol (4 ml/dm®) were added to the electrolyte as surfactants. It was found that high—quality coatings are deposited without heating and stirring only
in the pH range from 6,0 to 7,0. The addition of these substances to the electrolyte is predicted to lead to inhibition of the reduction of metals, an
improvement in the crystal structure of the deposit, but decreases the cathodic current efficiency. Hull cell studies showed that an electrolyte
containing neonol as a surfactant showed better throwing power compared to other solutions. The dependence of the current efficiency of the alloy on
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the cathode current density showed that in the range of current densities from 0.5 A/dm? to 4 A/dm?, the current efficiency decreases nonlinearly from
82 % to 52 %. The experimentally obtained dependence of the zinc content in the alloy on the cathodic current density showed the possibility of
obtaining alloys with a zinc content of 8 % to 33 %. The obtained results allowed us to determine that for the deposition of an alloy with a zinc
content of 20-25 %, which provides the best anti—corrosion properties of the coating, it is necessary to carry out the process at a cathodic current
density of 1,5-2,0 A/dm?, while the current efficiency is about 70 %, and the deposition rate alloy is 0,44-0,54 pm/min. The received coatings have a
semi-bright appearance, a fine—grained structure, light gray color, they are strongly adhered to the substrate.

Keywords: electroplating, tin—zinc alloy, citrate—ammonia electrolyte, current efficiency, throwing power, Hull cell.

CmiaB  ONOBO-IIMHK € OJHMM 3 HaWOUIbID  HeWiaHiAHI eNeKTPONiTH. B ocTaHHI pOKHM BenHKa yBara
e(eKTUBHUX TaJbBAHIYHUX TMOKPUTh, MPHU3HAYCHUX Ui  OPUAUIIETHCS OCAHKCHHIO CIUIABIB 0JIOBA 3 KOMILICKCHUX
3aXHUCTy CTaJeBOl OCHOBM B YMOBaX MOPCHKOIO Ta  EJEKTPOJITIB 3 JOJABaHHSIM SIK BIIOMHX MOBEPXHEBO—
TpomiyHoro kiiMaty. OJIOBO Ta IIMHK MAlOTh CTaHAAPTHI  akTuBHUX pedoBuH ([TAP), Hampukianm, CTOISPHOTO

MTOTEHITiaIN BiIMIOBITHO: KJIICI0, NEKCTPUHY, JKeIaThHy, (EHOIy, CHHTAHOIIB,
Eg o = -0,136 B, E; o = -0,76 B pe3opluHy Ta iH., Tak i 3 [IAP HoBoro noxoninus [3-10].
n n n n

i i i i Excrmyatariiss  €1eKTpoJiTYy Ha OCHOBI IIUTPAaTHO—
CrauioHapHl MOTEHLIadW CIUIABIB Sn—Zn MaroTh . .
L . . . aMmiakaTHUX KomiulekciB [11] mae Oarato mepeBar y
MPOMIXHI 3HAUEHHSI MK MTOTEHIIaJlaMH LIMHKY 1 0JI0Ba Ta . . . .

i ) ) .. TIOpIBHSHHI 3 HiaHIJHAMH EJECKTPOJIITAMH, e OCaKCHHS

€ OBl HEraTUBHUMH BiIHOCHO 3aJ1i3a MPU eKCIUIyaTarlil . . .

TIOKPUTH BiOYBAETHCS 3 BIIHOCHO HEBUCOKOIO PO3CIIOBAIIb-

B 3a3HAYCHUX BHILNE YMOBAaX, 3aBJASKH YOMY IOKPHUTTS . . .

L HOIO 3/IaTHICTIO, TOMY MJIA TIOKPHUTTSA JETaNeH CKIJIaJHOi

crmaBoM Sn—Zn 3a0e3MedyroTh eNEeKTPOXIMIYHUI 3aXHCT . . .

. koH(pirypanii BiH He Moxe OyIH  3aCTOCOBAaHHIL
CTaJIeBOi OCHOBH. . .

. Po3pobnennit Hamu enextpoit [12] n03BOIsIE OJCPKYBATH

[TokpuTTst cIUTaBOM OJIOBO—IMHK MAlOTh Kparli . . i

) o . p OLTbII PIBHOMIPHI 3a TOBIIMHOIO TOKPUTTSA, alie i
3aXMCHI BJIACTHBOCTI, HIDK IIMHKOBI 1 KaJMi€BI TIOKPHUTT, .
. i . . BHUBHAYCHHS BIUIMBY CKJIAQy €JEKTPOJITY Ta PEXKHUMY
ajie TpW TMEBHOMY BMiCTi IMHKY B cruiaBi. Haiikpamri . . .
. : ) eNIeKTPOJIi3y Ha BIACTHBOCTI TOKPUTH CJJ IPOBECTH
AQHTUKOPO3ilHI BJIACTUBOCTI MPUTaMaHHI CIIaBaM, IO . .
. JIOJTATKOBI TOCITPKCHHS.
Mictate 20-25 % mwmaKy. I[lokpuTTs crmmaBamu, mIO0 .
. . Mera 1OCIIUKEHHSI — BU3HAUCHHS CKJIAAy IMTpaT-
MicTaTh MeHm, HiDK 10% 1MHKY, € KaTOAHUMH IO . . .
i i HO—aMIaKaTHOTO EJIEKTPONITY Ta YMOB €JIEKTPOJI3y IS
BIHOWIEHHIO 10 cTam, TOOTO He 3a0e3neuyloTh .
. . . OTPUMaHHS SKICHOTO IOKPHUTTS CIUIaBOM Sn—ZNn, wio
eJIeKTPOXIMIYHOro 3axucty craimi. [Ipm BmicTi LUHKY . .
N . 3a0e3nedye BHCOKY MPOJIYKTHUBHICTb, PpO3CIIOBAIBHY
noHasn 25 %, koposiiiHa CTIMKICTh CIUIaBy 3MEHIIYETHCS, . o .
3MIATHICTh Ta aHTUKOPO3iiiHi BIACTHBOCTI.
a moHaj 50 % — HaGIMKAETHCS JI0 YMCTOTO NUHKY [1]. ] )
. : 3amavi qocaigsKeHH:
TBepamicTh HOKPHUTH CIUIAaBOM SN—-ZN 3 BMicTOM

. . ) — BU3HAUUTH BIUIMB CTOJISIPHOTO KJICI0, HEOHONIY Ta
uuHKy 20-30 % BIBiUi IepeBHIye TBEPAICTh aHAIOTIYHHX .. N . .
i i ) ix KoMOiHalii Ha KaTOJHY MOJSAPH3ALII0 MPU OCaHKEHHI

JMBAapHUX CIUTaBiB. Taki MOKPUTTS JIETKO TOJIPYIOTHCS JI0 cnasy:

. o v o b
J3EPKAILHOTO ONUCKY, 1 3aBISKM BHCOKIH KOpO3iiHIi . . . .
N i s — IOCIIJUTH Ta IOPIBHATH PO3CIIOBAIBHY 3aTHICTH
CTiliKoCTI ONMMCK 30epira€Thbesi MPOTSITOM TPUBAJIOTO Yacy. -

, ) ) _ " eJeKTpOJITIB 3 3a3HAUYCHMMH IIOBEPXHEBO—aKTUBHUMHU

OJI0B’STHO—LIMHKOBI TIOKPHUTTS JIETKO MIJVIAFOTHCS TaMII, .
L N Lo i peUoBHHaMH Ta 00paTh EJIEeKTPOJIT 3 MaKCHMAaIbHOIO

MPUYOMY 3[aTHICTh 1X 10 TMAKWKH, HAa BIAMIHY BiJl IIOKPUTH 3 . . .
i N PO3CIIOBAILHOIO 37JATHICTIO IS MOJABIINX JTOCIIIKEHb;

YHCTOTO 0JIOBA, 30epiraeThcsi TPUBANMIL Jac. . . .
i — BCTQHOBHUTH 3aJIEXKHICTh BMICTYy IIMHKY B CIUIaBi

Jocsarti cymMicHOrO OCa/UKEHHS OJIOBa Ta LMHKY 3 . . .
i . .  BIJ KaTOJAHOI T'YCTHUHU CTPYMY JUIsS BU3HAYCHHS Jiara3oHy
PO3UYMHIB MPOCTHX COJEH CKJIagHO BHACIIAOK 3HAYHOI .
) ) . i o TYCTUHH CTPYMY, IIPH SIKOMY OCaKEHI IIOKPUTTS MaroTh
pi3HMII mNoTeHLianiB MertaniB. HalOinpm mmpoko s . . . .
) HalKpalli aHTUKOPO3ilHI BIACTHBOCTI;

OCa/DKCHHSI TaKuX CIUIaBIB BUKOPHUCTOBYIOTH JIYXKHO— .
L. ) — BCTAHOBUTH 3QJIC)KHICTh BHXOAY 33 CTPYMOM
LiaHIJHI eJIEKTPOJITH, OCHOBHUMH KOMIIOHEHTAMH SIKHX € . ..

; o . i CIUIaBY BiJ KaTOAHOI I'YCTHHH CTPyMY JUIsi BU3HAYCHHS
HATPi0 CTaHaT, LMHKY IL[iaHiJ, HATPil0 TiJPOKCHJA Ta .

L ) ) LIBHJKOCTI OCa/KEHHSI TOKPHTB.
Hatpiro wiaig [2]. Ane Taki eneKTposiTH MarwTh 0arato . .

o . Metoauka aocJjigxeHb. JlOCHiDKeHHS KaTOIHHUX
HEJIOJIKIB: BOHM TOKCHYHI, €KCIUTYyaTYIOThCSl MEPEBAKHO . N . .

) . IpoueciB  3/1IHCHIOBaIM Ha MIJHOMY €JEKTpojai B
npu migBuIieHux temmneparypax (60—70 °C), morpedyroTs . . .

L €JIeKTPOJIiTaX, CKIAH SIKUX HaBeJeHi B Ta0mmi 1.

(bopMyBaHHs MACHBHOT IJTIBKH Ha aHO/aX. o .
o i [MonspuzawiiiHi BUMIpIOBaHHS TPOBOAMINCH B

s mokpalieHHs TeXHOJIOTiYHOi e(eKTHBHOCTI Ta . . . . .
R MOTEHIIIOMHAMIYHOMY peXHMi Ha ToTeHIioctati P—45X,
€KOJIOTIYHOT Oe3MeKM MpPOIeCy OCAKEHHS MOKPHUTTS . .
i i i .3 IOBHAKICTEO  posropTkn  moteHumiany 10 mBlc,

CIUTAaBOM SN—ZN JOIiNBHO 3aiATH Oinbll Oe3redHi . . i . ,
JOCTI/UKCHHsT 3[IHCHIOBAIM B CKILIHIM Komipui (06’em
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200 mut) 3 BUKOPHCTaHHSIM TPHOXEIEKTPOAHOI CXEMHU Ta
HAaCHYCHOTO XJIOPHI-CPIOHOTO eNeKTpona SK eJIeKTpoaa
(anonm)
3aCTOCOBYBABCSl IUIATHHOBHUI enekTpoxa. Bci 3HaueHHS

NOPIBHAHHA.  SIK  JONMOMDKHHMH  €JIeKTpoj

MOTEHLIAJIIB  NEpepaxoBaHi  BIIHOCHO  BOJHEBOTO

CJIEKTPOLY.

Tabmu 1 — Ckiaan TOCHiKYBaHHUX €JISKTPOIITIB

K Enextpomnit
OMHOHCI:ITI/I T > | 3 | 7
CNEKTPOITITY - < -
Konuenrpartist, r/qm” (Mi/am°)
SnCl,-2H,0 44 44 44 44
ZnO 4 4 4 4
NH,CI 100 100 100 100
NazCeHs0; 100 100 100 100
Keit — 1,5 — 15
CTOJISIPHUI
Heonon — — 4 4

JIyisi IPUrOTYBaHHS EJIEKTPOJITY BUKOPHCTOBYBAJIH
Zn0, SnCl,-2H,0, amoniro xaopua (NH4Cl) ta matpito
mutpar (NagCit) kBamidikamii He HmKYe 3a «u». PiBeHb
pH migTprMyBamm B miamazoHi 6—7 s 3a0e3medeHHS
CTaOlIBHOCTI TIPH EKCIUTyaTallil Ta 30epiraHHi.

Busnauenns CKITay CIUIaBY OJIOBO—LIMHK

sn),

3IIACHIOBATM BIAMOBIMHO MO HAcTymHoI Mmeromuku. Ha
2

(BIICOTKOBOI'O ~ BMICTYy KOMIIOHEHTIB ZN Ta

migroroysieHi  migHi  3paskm  wiomero 0,03 1om
0Ca/DKyBalld IOKPUTTSL SN—ZN. Enexrponi3 3mificHIOBaIH
npu Temrneparypi enekrpoiity 20 °C Ta rycTMHaxX CTpymy
1, 2 Ta 3A/):[M2. AHOIM — TUIACTUHMU cCIUlaBy Sn—Zn 3
BMicToM oJioBa 80 %.

HCI

OTPUMaHUX CIUIABIB B OJEp)KaHI PO3UYMHH JOAABAIU IO

Ilicns  po3umHEHHS Yy  KOHIICHTPOBaHIM
50 mn. gucrmnpoBanoi Boaw, 0,2 T OikapOOHATY HATPIIO,
nekibka kpamnens 0,2 % po3unHy kpoxmaio. Turpysanu
onoBo 0,1 H po3unHoM #ofy A0 MOSBH HE3HUKAIOUOTO
CHHBOTO 3a0apBICHHS.

Kinbkicte onoBa (r) y cmaBi oO4HCIIOBANIM 32
dhopmyoro:

P;p, = K -a-0,0059

ne a— o6’em 0,1 H po3unny Homy, 110 MiIIOB HA THTPY-
BaHH:, MJI.; K — monpaBouHuil KoedimieHT, Mo J0piBHIOE
0,5; 0,00593 — Tutp 0,1 H po3unHy iomy 3a 0JI0OBOM.

Bwmict nuHKY B CTsIaBi po3paxoBYBAIM K Pi3HHUITIO
MDK Macoro CIIaBy i Macoro 0JI0Ba.

Po3scitoBanbHY 34aTHICTH BU3HAYAId 32 METOJIOM
Xymia npu cepemmiii ryctumi crpymy 1,5 A/nv® 3
BUKOPHCTAHHSIM KaTOJa, SIKMH CKJIaJaBcs 3 6 IJIaCTHH

(cexmiil), BU3HAYarOYM BIJHOLICHHS IPUPOCTY MAacH Ha

KOXHIA 3 CEKWid [0 CepeaHbOro apU(METHIHOTO
3HAYEHHs IPUPOCTY MAacH Ami/Mey.

BmimB TycTHHU CTpyMy Ha KaTOTHWHA BHXiJ 3a
CTPYMOM BH3HAYaJIU [PAaBIMETPUYHUM METOIOM.

PesynbTatu HoCimKEHb.

B poboti gmocmimkyBamu —IUTpaTHO—aMiaKaTHi
CJICKTPOJIITA JJIS OCAJDKCHHS CIUIaBy Sn—Zn 3 nBoma
J00aBKaMH MOJICKYJSIPHOTO THUITY — CTOJISIPHAM KIICEM Ta
HEOHOJIOM. B Takux eNeKTposiTax po3ps OJoBa Ta
OUHKY Ha KaTo/i BifOyBaeThCs 3a PeaKmisMu:

[SnCit]” + 2e — Sn + Cit3™,
[Zn(NH3),]** + 2e —» Zn + 4NH,,

Takok Ha KaToJi MOJIMBHUHA mepedir mooiuHOT
peaxiiii BUIUICHHS BOIHIO 33 PEAKIII€IO:
2H,0+ 2e - H, + 20H".

BcranoBneHo, 1m0  cBiTii  JIpiOHOKpUCTaNIYHI
MOKPHUTTSI OCAKYIOThCS TITBKH Y BU3HAYEHOMY 1HTEpBai
pH Bix 6,0 mo 7,0. IIpu pH < 6,0 mokpuTTSI BTpavaroTH
MIPUBaOIMBUI 30BHIITHIA BUTIISAA, 3MEHIIYETHCS BHUXIJ 32
CTPYMOM, 3BY)KY€EThCS IHTEpPBaJ pOOOYHX T'YCTHH CTPYMY.
ITigBumenns 3Hadendss PH > 7,0 HeraTWBHO BIUIMBAE SIK

Ha 30BHIIIHIA BHIJISAA OCadiB, TaKk 1 Ha CTaOUIbHICTH

CIIEKTPOIITY.
JocnimkeHHs KaTOAHO1 nossipu3anii pu
SJICKTPONITHYHOMY OCA/UKEHHI CIUIaBY  OJOBO—IIMHK

3IICHIOBAJIOCH B eNIeKTpoiiTax 1—4, NpencTaBiIeHUX y
Tabm. 1.

AHani3z nonspuzaliiHUX 3aJeKHOCTEH KaTOIHOTO
BITHOBJICHHS CIDIaBy SN—ZN 3 IMTpPaTHO—aMiaKaTHOTO
enekTponity 0Oe3 go6aBok (puc. 1, kpuBa 1) Ta B
MIPUCYTHOCTI TOBEPXHEBO—AaKTUBHUX pedoBHH (puc.l,
KpuBi 2 Ta 3) migTBEPIKYE, M0 KATOIHA MOJSAPHU3ALIs B
eIIEKTpoNiTaX 3 J00aBKAMH MAa€  EIEKTPOXiIMIYHY
HPUPOJY, a TOBEPXHEBO—AKTUBHUX PEYOBHH Ha KIHETHKY
KaTOAHMX  MPOLECIB  MOJsIrae y  TrajJbMyBaHHI
CJICKTPOXIMIYHOT peakiii 31 30UIbIICHHIM MOJAPU3AIlii
BHACJIIJIOK afcopOIIil.

Ha mouatky kpuBoi 1 (emextpomit 6e3 IIAP) B
obJylacTi MOTEHLIaiB YiTKO CHOCTEPIraloThCsl HEBEIMKA
XBuIs (pH TycThHI cTpymy Gmmseko 0,15 A/nv?). Mu
BB)XAEMO, IO IS XBHWIS y BiJICYTHOCTI ITOBEPXHEBO—
AKTMBHUX PEYOBMH MOXE CBIIYMTH MpO  IPOIEC
Bi/IHOBIGHHS NpPOCTHX rigpatoBanux iomie Sn®*. Ipu
OBl HETaTWBHUX TIOTEHI[iANIaX XiJ KPWUBOI TIJIABHO
NepexXoUTh B  EKCIOHEHIIaIbHYy  3aJIeKHICTb, sKa
XapakTepHa Ui eNeKTpoXiMiyHoi mepeHamnpyru. Crix
BIJ[3HAYUTH, WIO SKICTh IOKPUTTSA, OTPUMAHOTO 3
eJIeKTPOIIiTY 1, € He3aJ0BITLHOK: 0CAaJId MalOTh TEMHHMA
KOJIip, TOPOUIKONOAIOHY CTPYKTYpY, MOTaHO 34erieHi 3

OCHOBOIO.
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Pucynok 1 — INonsipu3aniiizi 3aJIe:KHOCTI KaTOTHOTO
BiJIHOBJIEHHS CIUTaBY SN—Zn B enekrpoiirax: 1 — 6e3 I[TAP; 2 —3
KJIGEM CTOJSIPHUM; 3 — 3 HEOHOJIOM.

Ha mnoreHuioqMHamivHIi 3aJ€XKHOCTI, OJep)KaHIi B
NPUCYTHOCTI  CTOJSIPHOTO ~ KJICIO,  CIIOCTEpIraeThes
raJlbMyBaHHs KaTOJJHOTO MPOIIECY — MOTEHI{aN eJIeKTPOLY
i cTpyMoM mpu Oyab—sSIKOMY 3HA4YCHHI TYCTHHH CTPYMY
(puc.1, xpuBa 2) € OLTbII eEKTPOHEraTUBHIM, 33 OTEHIiAI
Ha KpuBii 1. B exekTpomiT, 10 CKIamy SKOTO BBEICHHUI
HEOHOJI, KaTOJHMI mpouec mnepedirae mnpu mie OLIbII
CIIEKTPOHETaTHBHUX MOoTeHMmianax (puc.1, kpuea 3). 3 Takoro
niepediry Mmosspu3aliiHOl 3aJIe)KHOCTI CITiJl OYiKyBaTH TOTO,
II0 TIOKPUTTS, OJEpXaHi 3 ENEKTPOJITY 3 HEOHOJIOM,
MOBMHHI Mard OUIbII APIOHOKPUCTANIUHY CTPYKTYPY
MOPIBHSHO 3 IOKPUTTSIMH 3 IHIIHNX eIEeKTPOIiTiB. [lo TOro X,
SK MH 0a4uMoO, TaHI€HC KyTy HaXWwily TMOJsIpu3aiiHol
KpHBOi 3 B Jiama3oHi TyCTHH cTpyMy Bix 0,5 A/Z[MZ JIENT0
MEHINUH, HDK Ha IHIIMX KPUBHX, MIO CBIIYHTH IPO
BipOTiTHICTH Kparmoi PO3CirfoBaIbHOT 3aTHOCTI
€JIEKTPOJIITY 3 HEOHOJIOM.

Kpim TOTO, BiACYTHICTH XBHJI 3 TOPHU3OHTAIBHOIO
IUTOIAAKO0 Ha MOYaTKy KPUBOI 3, HA BIAMIHY BiJl KDUBHX
1 ta 2 (He MiIyTaTH 3 TaJIbMYBaHHSAM, IIOB’S3aHUM 3
ancopOIie€l0  MOBEPXHEBO—aKTUBHOI  JT0OABKH), MOXKe
CBIIYMTH IIPO TE, 10 JI0JABAHHS 10 €IEKTPOJIITY HEOHOIY
MPU3BOJHUTH HE TUJIBKH JI0 TabMyBaHHS KaTOIHOI peakiil
B LUIOMY, aJie¢ W MpPHUTHIYYe Oe3IOCepeHE BiTHOBICHHS
IPOCTHX rijpaToBaHuX ioHiB SN”".

BisyanbHa OIliHKa 30BHIIIHBOTO BUTILILY TOKPUTH
IoKaszana, IO TOKPHUTTS, OJIEpXKaHi 3 ENEKTPONITy B
MIPUCYTHOCTI CTOJSIPHOTO KJICIO, MalOTh CBITJIO—CipHiA
KoJip, JAemo Tpy0y CTpYyKTypy, TapHO 34YeruieHi 3
ocHOBOI0. Jlo0aBKka 10 €NEKTPOJITY HEOHONy [iiCHO
NPU3BOJUTh JIO CYTTEBOTO MOKPAILICHHS 30BHILIHBOIO
BUTJISIYy TIOKPUTH, SIKI OCa/PKYIOTHCSI HaIliBOJIMCKYYHMH
Ta MalOTh OUTBII CBITJIMH KOJIIp, OTJISA TMiJI MiKpOCKOTIOM

CBIIYMTH ¥ TPO NOKpamleHHS ApiOHOKPHCTAIIYHOT
CTPYKTYpH.

Jns omepaHHS TOKPUTh HAa JETANSAX CKIAJIHOL
KoH(pirypamii Ta g 3a0e3medeHHS PIBHOMIpHOCTI
TOBLIMHH MOKPHUTH CJIiJl BAKOPUCTOBYBATH EJIEKTPOJITH 3
BHCOKOIO PO3CIIOBAIFHOIO 3IaTHICTIO. bymm mpoBexneHi
JIOCITI/DKEHHSI BIUIMBY TIOBEPXHEBO—aKTHBHUX PEYOBHH Ha
pO3CioBaBHY 3IaTHICTH OUTpAaTHO—aMiaKaTHUX
SJIEKTPONITIB B mpucyTHocTi pisHux [IAP (tabm.l1,
SIIEKTPOIITH 2, 3, 4).

OcapKkeHHsI TOKPUTTS CIUIABOM 3 BUKOPHUCTaHHAM
KOMipkn XyJila Ha IIECTH IUIACTHHAX CKJIAJaHOTO KaToxoy
BUSIBUJIO, [0 B €JIEKTPOJITI 3 HEOHOIOM (pHC.2, KpHBa 2)
pO3MOALT Mach OCalgy MiX KAaTOAHHMH IUTACTHHAMH €
CYTTEBO OLIBII PIBHOMIPHUM 3a MAacol, a, BIAMOBIIHO, i
3a TOBIIMHOIO, HIX B EJIEKTPONITI 31 CTONSPHUM KIICEM
(puc.2, xpuBa 1). Takuit pe3ynpTaT OyB OYiKyBaHHM Ha
MiACTaBl Pe3yNabTATIB aHANIZY IMOJIPH3ALIMHUX KPUBHUX,
MIPEACTaBICHNUX Ha puc.l. Aje BHSBUIIOCH, IO PO3MOJILI
OCa[DKYBAaHOTO CIUIABY MK KaTOJHHMH IUIACTHHAMH B
KoMmipii XyJuia B €IeKTPOJIITI 3 HEOHOJIOM € HaBiTh JENI0
OUTBII PIBHOMIPHUM, HIXK B CIIEKTPOJITI 3 HEOHOJOM Ta
CTOJISIPHUM KJIEEM, BBEJACHHUMHU OJHOYACHO (pHC.2, KpHBa
3). JloriuHe TMOSCHEHHS I(bOMY 0a3yeTbcs  Ha
MPUITYIICHHI, 110 HEOHOJI Ta CTOJISIPHUI KJICH, BBEACHI B
SIIEKTPOIIIT OJTHOYACHO, CYMICHO yroepeMinr
acopOyIOThCs Ha TIOBEPXHI KaToay, i B pe3yJIbTaTi [bOTO
CTOJIAPHUH KJIeH Aelo Mmoripmye e(eKT BIUTUBY HEOHOITY
Ha KaTOJHUH Ipoliec.

Ami/ﬂmcep.

2,0

n-___\
05 1 \\

0,0
1 2 3 4 5 6
Homep cekuii katona

Puc. 2. Po3ciroBanbHa 3IaTHICTH EJIEKTPOIITIB 3 JOJaBaHHIM
MOBEPXHEBO—AKTUBHUX PEUOBHUH: 1 — KIlei CTOJSIPHUIA;
2 — HeoHOJ, 3 — KIS CTOSIpHUIT + HEOHOIT
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Bce me y migcyMKy CBiIUMTH TPO OLIBII BHCOKY

pO3CifOBaIbHY 3IATHICTH €JIEKTPONITY 3 HEOHOJIOM

(emekTpomit 3, Tabn.l), Ha miACTaBI YOTO IMOMANBIIL
JIOCIIZPKSHHS! TIPOBOJIUITH TIIBKK 3 BUKOPHCTAHHSIM LBOTO

CJIEKTPOJIITY.
BanuBOIO  XapaKTEpUCTHKOIO  €JIEKTPONITYy €
KaTOJHUHA BHXiA 3a CTIpyMOM. B jmociimkyBaHHX

EIIEKTPOJIITaX BHACHIIOK ancopOIlii MOBEepXHEBO—AaKTHBHIX
PCUYOBMH Ha KaTOJi BigOYBA€ThCS TaIbMYBAHHS IPOIICCY
BIIHOBJIICHHS METaliB, 3MIIIEHHS TIOTEHINATy iXHBOTO

BIJIHOBJICHHA B CJICKTPOHEraTWBHHMIN Oik, depe3 IO
CTBOPIOIOTECS YMOBH ISl TOro, mo0 BimOyBaBcs Iporiec
BUJIUICHHS BOJTHIO. 3aBJSIKM BUCOKIH KAaTOMHIN MOJspu3anii
BUHUKA€E TIO3UTHBHUMA e(DeKT, IMOB’SI3aHUHA 3 MOKPAIICHHIM
KPHUCTAJIIYHOI CTPYKTYPH (APIOHOKPUCTATIYHOCTI) IOKPHUTTS,
are, 3 iHIOro OOKy, BUHHWKAIOTH I HETaTHUBHI HACIIIKA 3
TIpOIIECY,
3MEHIIICHHSAM KaTOAHOTO BHXOIY 32 CTPYMOM BiITHOBIICHHS

TOYKH 30py TPOJYKTHBHOCTI NoB’si3aHl 31

0JIOB’THO—ITMHKOBOT'O CILIaBYy.

Hnst

€JIEKTPOJII3y OCITIKYBaJIM BIUIMB T'YCTUHH CTPyMy Ha

BU3HAUCHHS  ONTHUMAJIBHOIO  DPEKHMY
KATOJHMI BUXIJ 38 CTPYMOM CIUIaBY.

36ubIeHHsT p0O0YOT I'YCTUHH CTPYMY OyIb—SKOTO
€IeKTPOXIMIYHOTO TIPOIeCy 3aBXIW € OaKaHUM (IS
MPOJYKTUBHOCTI.

MOKpaIlEHHS B nmocnimxysaHoMy

mporeci BOHO NPH3BOIUTH 1€ i 0 IOKpAIICHHS
KPHUCTAIIYHOT CTPYKTYpH NOKpHUTTS. [IpoTe BHSBMIOCH,
o0 B JOCTIKYBaHOMY €IIEKTPOJITI (emekTpormit 3,
Tabn.1) 31 3pOCTaHHSAM KaTOMHOI T'YCTHHH CTPyMY BiX
0,5 A//:[M2 bi (o) 4A/,I[M2 BHUXiJ 3a CTPYMOM HENiHIHHO
3MeHIryerses 3 82 % no 52 % (puc.3, kpusa 1), mo aerro
HETaTHUBHO BiIOMBAETHCS Ha TPOMYKTHBHOCTI. Al TaKWit
XapakTep 3aJeKHOCTI BHXOMLY 3a CTPYMOM BiJl KaTOJHOI
T'YCTUHH CTPYMY Ma€ il TIO3UTHBHI HACIIJIKH, IO HOJAratTh
Y HOKpaIlIeHHI PO3CitOBaJIBbHOT 3/1aTHOCTI €JIEKTPOJIITY.
3aNeKHICTh CKJIAAy CIUIaBY BiJl KaTOAHOI T'yCTHHH

CTPYMy  XapakTepu3y€ 3[aTHICTh CICKTPOJITY [0
OCa/DKEHHS OJHOPITHUX 32 BMICTOM KOMIIOHCHTIB
MOKPUTTS.  JIOCHIDKEHHSAMH ~ BCTAHOBJICHO, IO  3i

30UIBIICHHSAM KaTOJHOI TYCTHHHM CTPyMY HOCTYIIOBO
3pocrae BMICT muHKY B crutaBi 3 8 % mo 33 % (puc.3,
kpuBa  2). OckinbkM  HaWKpamli  aHTHKOPO3iHHI
BIIACTUBOCTI MPUTaMaHHi CIIJIlaBaM 3 BMICTOM ITMHKY BiJ
20 % mo 25 %, 3a X0mOM KPHBOi BH3HAYCHO, IO CaMe
TakWi CKJax CIUIaBy MOXKe OYTH OJepKaHWH IIpH
KaTofHiil TycTuHi cTpymy B Mexax 1,5-2,0 A/am.
BpaxoByroun HEpiBHOMIPHICTh PO3MOAUTYy CTPyMy IO
NOBEPXHI  JleTaneil B peajbHOMY  BHPOOHHITBI,
PEKOMEH/IOBAaHO KaTOJHY TYCTHHY CTpyMy HpHUiMaTh
613bK0I0 710 cepenuboi (1,8 A/v?), mpu poMy BHXi 3a

CTPYMOM CILIaBy CTaHOBUTHME O3pk070 %.

90 -: BCSn—Zm % WZm % :- 40

50 T T T

05 1 15 2 25 3 35 4
ju A/am?

Pucynok 3 — 3ae:KHOCTI KaTOHOTO BUXO/Y 338 CTPYMOM
craBy (kpuBa 1) i BMiCTy IMHKY B CIIIaBi (KpuBa 2) Bif
KaTOJHOI T'YCTHHU CTPYMY

Heckmamni pospaxyHkd 3a piBHsHHAM @apajes
JIal0Th MOJJIMBICTh BH3HAYMUTH IIBUAKICTH OCAKCHHS
TOKPUTTS CIUIABOM Y IOCTIJDKyBaHOMY €JEKTPOJITI Ha
BCHOMY J1iana3oni poGouoi rycTHHE cTpyMy Bix 0,5 A/mm’
bi (o) 4A/z[M2 (puc.4). 3 xomy i€l 3a’MeKHOCTI MOXKHA
3pO0OHMTH BHCHOBOK, IO IIPH PEKOMEHJOBaHIH TyCTHHI
ctpymy 1,5-2,0 A/M°, TIOKPHTTS CIIABOM 0CA/DKYETBCS
31 mBugkictio  0,44-0,54 MxM/XB., 10 JOPiBHIOE
IIBUIKOCTI ocakeHHs craBy M-LI(70) 3 miaHimHOTO
EJIEKTPOIIITY IpH 3 Al

0,9

Ve, MKM/XB.
08

0,7
06
05
04t

03

0,2

jo Alam?
0,1 -

N = e o o o - - - ————

05 1 15 25 3 35 4

Puc. 4 — 3anexxHiCTh IBUAKOCTI OCAKCHHS MMOKPUTTS CITIABOM
BiJl KATOJTHOT TYCTHHHU CTPYMY
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BucHoBkm. [l onepxaHHS SKICHUX TOKPHUTH
3Ha4eHHS PH B mMUTpaTHO—aMiaKaTHHUX €JIEKTPOITaX CIij
MiATPUMYBaTH B MEXax Bix 6 10 7.

BBenmeHHSI B €NEKTPOJNIT CTOJSIPHOTO KIICIO Ta
HEOHONIy BHacHiZok azncopoOuii mux I[IAP ouwikyBano
MPU3BOANTE A0 30UTBIIEHHS KAaTOMHOI IOJIApH3amii
BiJTHOBJICHHS METaliB, IMOKPAIICHHS CTPYKTYpH OCauy,
ajyie CIpUYIXHSE 3MECHIIICHHS BUXOIY 32 CTPYMOM.

EnextpoiniT, mo B SKOCTI MOBEPXHEBO—aKTHUBHOI
PEYOBHHM MICTHTH HEOHOJI, Ma€ HAlKpamly po3CiloBaJIbHY
3MATHICTh, TOMY MOXE OYTH pPEKOMEHIOBaHUN IS
HaHECEHHS IMOKPUTTS CIUIABOM OJIOBO-IIMHK Ha CTaJeBi
JIeTami CKIaaHO1 KOH(Iryparii.

B enexTpomiTi 3 HEOHOIOM 3pOCTAaHHA TyCTHHH
ctpymy Bixg 0,5 mo 4 A/,uM2 MPU3BOAUTH IO 3MEHIICHHS
KaTOJTHOT'O BHUXOXY 3a cTpyMoM cruiaBy 3 82 % mo 52 %,
NP 1IbOMY BMICT IIMHKY B CIUIaBi 301b1yeThest 3 8 % no
33 %.

OcaKeHHS IOKPUTD, 1110 MIicTATh Big 20 % mo 25 %
OUHKY Ta 3a0e3MeduyroTh HaWKpalluii 3aXUCT CTaJeBOi
OCHOBH BiJi KOPO3ii, pEKOMEHJOBAHO 3IMCHIOBATH MpPU
KaToxHii rycrumi ctpymy 1,5-2,0 A/mv% mpn mpomy
KaTOHHUI BUXIJ 32 CTPYMOM OCaJKCHHS CILIABY CKJIaae
omm3spko 70 %, a MBUAKICTE OCAKCHHS MOKPHTTS
ciasoMm nopisaioe 0,44—0,54 Mxm/XB.

HaBeneni B Tabnumi 2 3BeieHI JaHi PO MOKA3HUKH
MPOIIECY OCA/PKEHHSI MOKPUTh CIUIABOM OJIOBO—I[HHK,
OJIepKaHMX 3 JOCIIIKYBAHOTO €JCKTPOJITY MPH PI3HUX
TYCTHHAX CTPyMY,

MOXYTh OyTH BHKOPHCTaHI IIpH

MiATOTOBII IO IPOSKTYBAHH BiJIIIOBITHOTO TIPOIIECY.

Tabnuus 2 —3BeneHi gadi

Kartonna ryctuna crpymy,

0,5 1 2 3 4
A/)IM2

Buxin crutaBy 3a ctpymom, % | 82 74 64 | 57 | 52

Bwmict nuHKy B crutasi, % 8 15 25 30 33
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JI II. HIIYKIHA, A. O. TAJIYIIIKA, JI. O. ALJEHKO, C. JI. JII'E3IH

IMMPOTHO3HA OIIHKA TEIJIO3AXUCHHMX I MEXAHIYHUX BJIACTUBOCTEN
KOHCTPYKIIMHO-TEILIOIBOJANIMHUX KEPAMIYHUX MATEPIAJIIB

[IpornoHyeThCs KOMIUTEKCHHHM MiIXi 10 BU3HAYCHHS PaLliOHAIBHOI KOHCTPYKLIT BUPOOIB CTIHOBOI KepaMiki Ha OCHOBI MOJICIIOBAHHS 1X MOBEIIHKU B
yMOBax eKCIUTyaTalii, SKui BHKOPUCTAHO MPU PO3POOLI TEXHOJIOr i MOPH30BaHOI KOHCTPYKI[IHHO—TEILIOI30ILiiiHOI OyAiBeIbHOT KepaMiKu st
eHeprosoepiratouoro OynmiBHuuTBa. JIsi IBOX MOeneill MOPHCTO—IIYCTOTUIMX KEepaMidHHX BHUpPOOIB 3 mopu3oBaHHM Kapkacom (40 % mycror) i
WTEHUM KapkacoM (60 % mycToT) mpoBeeHa MPOrHO3HA OLIHKA iX TEIJIO3aXHUCHHX 1 MEXaHIYHHMX BIACTHBOCTEH. Po3paxyHKaMy eKBiBaJIeHTHOrO
Koe(iLiEHTY TEIUIONPOBITHOCTI MOieneil Ha OCHOBI 3akoHy Dyp’e BCTAHOBIJICHO, 1[0 NPH 3MEHIICHH] IIyCTOTHOCTI BUPOOIB 3 IOPH30BAHOKO CTIHKOIO
KOe(ILiEHT 1X TeIUIONpPOBIAHOCTI 3HIKYEThCsl Ha 12 %, 1m0 MOKpallye TerIo3aXiCHI BIACTUBOCTI. 3a pe3yibTaTaMH KOMII IOTepHO—iMiTaliifHOrO
3D—mopenroBaHHs MOBEIIHKU MoJeseil M Ji€l0 CTATHYHUX CHJIOBUX HABAHTAXKEHb BU3HAUYCHO, 10 MOPH3aLlis KepaMivHOTO KapKacy BUPOOIB 3a ix
MEHIIOI MYCTOTHOCTI NPHBOJHUTH A0 Aerpaialii MeXaHiuHOI MILIHOCTI Maike IPOMOPLIHHO 3HIKSHHIO MyCTOTHOCTI. [Ipoanai3oBaHO HAapyKEHO—
nedopmoBanmii ctaH 3D-Monerneit kepaMiuHUX CTPYKTYp 3 Pi3HOIO0 TeoMerpiero mop (chepudHi, TIOOYISApHI, eMMCOinHi) i MOKa3aHo, [0 HATPYTH
KOHIIEHTPYIOTHCS B KOHTAKTHUX 30HAX KEPaMivHOI MaTpPHII 3 HOpaMy, a HaifO1IbII MILIHOIO € CTPYKTYpHA MOAEIb 3i chepruunumMu nopamiu. [lokazana
JIOLIbHICTD OpraHi3amii Takoi CTPYKTYpH, HEOOXiQHICTh 3MIl[HEHHS KEepaMidHOiI MATpHI[ MaTepiajiiB Ta JOKAJbHHX 30H, OTOYYIOUHX MOPHU SIK
HAWOLTBII ypa3NUBHX CTPYKTYPHHX AUITHOK. Pe3ymbTaTé MPOrHO3HHX PO3PAXyHKIB EKCIEPUMEHTAJIbHO MiATBEPKEHI MPU PO3pOOLi TEXHOJIOTIT
KOHCTPYKIIHHO—TEIUIOI30/SLIHIX KepaMiYHUX MaTepiaiiB KOMIIO3ULIHOTO THITy Ha OCHOBI JISTKOTOIKOIO CYTJIMHKY Ta 30JbHHX Mikpocdep, siKi
3abe3nedyBaiy 3a/jaHy CTPYKTYPHY KapTHHY KepaMiqHOro Matepiaiy.

KirouoBi ciioBa: KOHCTPYKIiHHO-TemUI0i30/sMiiiHa OyaiBenbHA Kepamika; ITyCTOTHICTh; TEIUIONPOBIAHICTh; MeXaHiyHA MILHICTh; MOpHCTa
CTPYKTYpa; FeOMETPisi IOp; KOMII IOTepHO—iMITaliiiHE MO/ICTIOBAHHSL.

JL II. IIYKHHA, A. O. T'AJIYIIIKA, JI. A. AHJEHKO, C. JI. TUT'E3UH

IMMPOTHO3HAS OIIEHKA TEIUIO3AIUTHBIX 1 MEXAHUYECKHX CBOMCTB
KOHCTPYKIMOHHO-TEIVION3O0JISIMUOHHBIX KEPAMUYECKUX MATEPHUAJIOB

IIpennaraercst KOMIIEKCHBIM MOAXOA K ONPEAETICHUIO PALIMOHAIBHOM KOHCTPYKIIMU H3JEIUH CTEHOBOM KepaMHKH Ha OCHOBE MOJEIMPOBAHMS MX
MOBEJCHUS B YCIOBMSIX JKCILTyaTalldM, KOTOPBII HCHOIBb30BaH HMPH Pa3pabOTKe TEXHOIOTHH KOHCTPYKIHOHHO—TEILIOM30IAHOHHON CTPOUTEIbHOM
KepaMUKH JUIs SHeprocOeperaonero CTpouTenscTea. s 1ByX Mozenelt MopucTO—IIyCTOTENIbIX KePAMHIECKHUX H3AENUH C HOPH30BaHHBIM KapKacoM
(40 % mycror) u mwiotHeM KapkacoM (60 % mycToT) mpoBejieHa MPOTHO3HAs OLIEHKA MX TEIUIO3AIIUTHBIX U MEXaHHYECKMX CBOWCTB. Pacyeramu
SKBUBAJICHTHOr0 KOA()(UIMEHTA TEIIONPOBOAHOCTH MoOJeNeil Ha OCHOBE 3akoHa Dypbe YCTAHOBIICHO, YTO MPH YMEHBIICHUH MyCTOTHOCTH H3/CIHI
C TIOPU30BAaHHOW CTEHKOH KO3()(GHIMEHT MX TEIUIONPOBOAHOCTH CHMXaercs Ha 12 %, 4yTo ymydmraer Teruio3aniuTHble cBoicTBa. Ha ocHoBe
Pe3yIbTaTOB KOMIIBIOTEPHO-UMUTAIMOHHOTO MOJEIMPOBAHUS MOBEICHHs Mojeleil mox AeficTBHeM CTaTUYECKHX CHIIOBBIX HArpy30K OIpeeneHo,
YTO IOpH3alMs KepaMHUUECKOro Kapkaca M3AeMHH NPUBOAUT K JAerpajallid MEXaHHYeCKOH HPOYHOCTH IOYTH IPOHNOPIMOHANBHO CHIKEHHUIO
myctotHOCTH. [IpoaHanu3npoBano HampsbkeHHO—1ehopMalMoHHOe cocTosinie 3D—Mozerneil KepaMHYecKHX CTPYKTYp ¢ pasHON reoMeTpuer mop
(chepudeckue, ra00yIIpHbIC, IUIMICOUAHBIC) U TOKA3aHO, YTO HAMPSKCHHUS KOHICHTPUPYIOTCS B KOHTaKTHBIX 30HAX KEPAMHUUYECKOW MATpPHIBI C
mopamu, a HauOonee MPOYHOIl SIBIAETCS CTPYKTypHast Moaenb co chepuyeckuMu mopamu. [TokasaHa IienecooOpa3sHOCTh OpraHM3alMH TaKoi
CTPYKTYpPbI, HEOOXOJHUMOCTh YIPOUHEHUSI KEPAMUIECKOH MAaTPHIIBI MATEPHAIIOB U 30H, OKPY)KAIOIIUX MOPLI, Kak HaHOoee YSI3BUMBIX CTPYKTYPHBIX
y4acTKOB. Pe3ynbTaThl NpPOrHO3HBIX PpAcdyeTOB HKCIEPUMEHTANbHO IOATBEP)KACHBl IPH pa3pabOTKe TEXHONOTMH KOHCTPYKLHOHHO—
TEIUIOM30JISIHOHHBIX KEPAMUUECKUX MAaTEepHAIOB KOMIO3UIIMOHHOTO THIIA HAa OCHOBE JICTKOIUIABKOTO CYTIIMHKA M 30JBbHBIX MHKpOC(ep, KOTOpbIe
00€eCTIeunBaloT 3aJaHHYI0 CTPYKTYPHYIO KapTUHY KepaMHIECKOT0 MaTepHaa.

KiroueBble €j10Ba: KOHCTPYKIIMOHHO—TEIUIOM30IIIHOHHAsI CTPOUTENbHAS KEPAMHKA; ITyCTOTHOCTD; TEIIONPOBOAHOCTD; MEXaHHUIECKasl MPOYHOCTE;
MOPHUCTasl CTPYKTYpPa; TeOMETPHS II0P; KOMIIBIOTEPHO—MMUTAIIMOHHOE MOJICIHPOBAHNE.

L. P. SHCHUKINA, YA. 0. HALUSHKA, L. O. YASHCHENKGO, S. L. LIHEZIN

FORECAST EVALUATION OF HEAT PROTECTION AND MECHANICAL PROPERTIES OF

INSULATING CONSTRUCTION CERAMIC MATERIALS
An integrated approach to determine the rational design of wall ceramic products based on modeling their behavior under operating conditions is
proposed. This approach was used in the development of technology for heat—efficient insulating construction ceramic materials for energy—saving
construction. For two models of porous—hollow ceramic products with a porous frame (40 % of voids) and a dense frame (60 % of voids), a predictive
assessment of their heat—shielding and mechanical properties was carried out. Calculations of the equivalent coefficient of thermal conductivity of
models based on Fourier’s law established that with a decrease in the voidness of products with a porous wall, the coefficient of their thermal
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conductivity decreases by 12 %, which improves the heat—shielding properties. Based on the results of computer simulation of the behavior of models
under the influence of static power loads, it was determined that porosity of the ceramic framework of products leads to degradation of mechanical
strength almost proportionally to a decrease in voidness. The stress—strain state of 3D models of ceramic structures with different pore geometry
(spherical, globular, ellipsoidal) is analyzed and it is shown that stresses are concentrated in the contact zones of a ceramic matrix with pores. It is
shown that the most durable is the structural model with spherical pores. The expediency of organizing such a structure, the need to strengthen the
ceramic matrix of materials and zones surrounding the pores, as the most vulnerable structural sites, is shown. The results of predictive calculations
have been experimentally confirmed in the development of technology for structural and heat—insulating composite—type ceramic materials based on
low-—melting loam and ash microspheres, which provide a given structural picture of the ceramic material.

Keywords: heat—efficient insulating construction ceramics; voids; thermal conductivity; mechanical strength; porous structure; pore geometry;

computer simulation.

Beryn. B Ykpaini gie [lep>kaBHa miisoBa €KOHOMIUHA
nporpama eHeproeeKTUBHOCTI, sKa Tependayae 3axou 1o
CKOPOYCHHIO CHEPTrOCIOKUBAHHS 1 JIOBEJCHHS iX IO PiBHSA
€BPOIEHCHKUX CTaHNAPTIB Yy pi3HUX cepax, y TOMY YUCIi
OymiBHUITBI. Y 3B’SI3KY 3 IMM aKTyaJbHIM € BUPOOHHUIITBO
TeroepeKTUBHOT CTIHOBOI KepaMiKu SIK IS
MAJIOIIOBEPXOBOTO, TaK 1 0araTornoBepXOBOr0 KapKAaCHOIO
OyniBHuiTBa. Taki BHpPOOM Yy BHNISI  IYCTOTUINX
KepaMiqYHIX KaMEeHIB BUKOHYIOTh (DYHKITIF0O KOHCTPYKIIHHO—
TEIUIOI30JSIIHOrO ~ CTIHOBOTO — Marepialy 1  MOXYTb
BHKOPUCTOBYBATHCS Y KOMOIHOBaHMX CTIHOBHX CHCTEMAax Ta
y 30BHIIIHIX CTiHaX 0e3 yTeIUIeHHs TpU 3BEJEHHI
CHepro30epiralounx, CHeproe()eKTUBHUX Ta CHEProNacHB-
HuX OyauHKiB [1].

Ha  cporomHi  NpoCTeXKyeTbcs — TEHACHLIA  JIO
BUPOOHHMIITBA KEPAMiYHHX KAMEHIB 3 TOHKUMH BHYTPIIIHIMU
NePeropoKaMy 1 CKJIaJHOK KapTUHOK ITyCTOTHOCTI, IO
MOSICHIOETBCSL TIParHEHHSIM  JI0  TIOKPAILEHHS Tero— i
3BYKOI30JIAMIii CTiH. BHUpPOOHWKH CTaBIATH B 3aJEXKHICTH
3BYKOI30JISIIII0  BUPOOIB Bix reomerpii mycror, a ix
TETUIOTPOBITHICTB — BiJ] ITyCTOTHOCTI BUPOOIB. B Tol ke yac
JIOCTI/DKEHHSIMM ~ aBTOpiB  [2] mpu  BUIPOOOBYBaHHSX
ITyCTOTLIOl KepaMiKK y (parMeHTi CTiHH OyJIO BH3HAYEHO,
110 TEIUIONPOBIIHICTh HE 3HAXOAUTHCS B TIPSMIH 3aJIe)KHOCTI
Bill ycTOTHOCTI. L{e MOSICHFOETHCST YaCTKOBUM 3aIIOBHEHHSM
MYCTOT BHPOOY OyAiBEJIbHMM PO3YMHOM IpU KAl 3
BITIOBITHIM ITiIBUIICHHSIM KOCS(III€HTY TETUIOMPOBITHOCTI
(A). Ho Ttoro x

YCKIIAIIHIOE TEXHOJIOTIIO KIIAJKH Ta 3HIKYE 1i MinHicTh [3], a

BUCOKa ITyCTOTHICTh BHPOOIB CYTTEBO

TaKO’X BHCYBa€ JKOPCTKI BHUMOTH JI0 IUIACTUYHOCTI
KepaMiyHuX Mac, sika Mae Oyru Ounbie 15. Bapro Takox
3a3HAYUTH, 10 Tporiec (HOopMyBaHHS BHUPOOIB CKIIAHOTO
npodimo mnorpedye 3acTOCyBaHHS IOTY)KHHX IIpeciB 3
eKCTPY31HHIMH CHCTEMaMH CKJIAIHOI KOHCTPYKIII 3 paMaMu
Ta KEpHaMH 3 KOLITOBHMX JIETOBAaHMX CTajei, TBEpIHUX
CIUIaBiB, 3HOCOCTIMKOI KepaMiKd TOIIO. IO IIiIBHUIIYE
BapTiCTh POOOUYMX OpraHiB mpecy i camoro npecy. Kpim
IBOTO, EKCTPY3is BHUPOOIB BimOyBaeThbCcs 3  OLIBIINM
NIPECOBMM 3YCHJUISIM ISl BUPOOIB OLIBIIOT MyCTOTHOCTI, 1110
30iIpIIye THUTOMI BHTpaTH e€Heprii Ha ¢opMyBaHHS, a
HEMMHYYE 3MCHIICHHS YaCTOTH OOEPTaHHS IIHEKa 3HIDKYE

MIPOIYKTHBHICTH TIpecy [4].

Bce Bumieo3HaueHe NMPUBOAUTH A0 BHUCHOBKY, IO
3HW)KEHHS TEIUIONIPOBITHOCTI BUPOOIB TIJIBKH 32 PaXyHOK

IyCTOTHOCTI HE € BHIPAaBIAaHUM 3 IHXKCHEPHO—
OyniBesbHOT TOYKM 30py Ta HEBUTAHO 3 MO3MIIT
BUKOPUCTOBYBAHOI'O  IIPECOBOTO  OOJIagHaHHA,  sKe
moTpeOye BEIUMKUX  KaIiTaJOBKIaACHb. B  yMmoBax

BITYM3HSHOTO CHPOBHHHOIO 1 PECYpCHOrO IOTCHIIaTy
3HW)KEHHS TeIUIONPOBIHOCTI BUPOOIB IOLIIBHO A0CSTaTH
KOMOIHOBaHMM  CIIOCOOOM  IUIAXOM  3MCHIICHHSA
ITyCTOTHOCTI Ta opraHizauii 3alaHoT MOPHCTOI CTPYKTYpH
KepaMmigyHOT0 KapKacy BHPOOY.

Mera po6otu. [Ipu po3po0IeHH] TEXHOJIOT11
MOPU30BaHUX KOHCTPYKIIHHO-TEIUIO30IALIHHAX Kepa-
MIYHUX BUPOOIB 3MEHIIEHOI MYCTOTHOCTI BaKJIMBUM €
NPOTHO3YBaHHA 1X  TEIUIO3aXWUCHUX 1 MEXaHIYHHX
BJIACTMBOCTEM, a TAaKOX TEHACHINH 1X 3MIHU 3aJ€XKHO Bif
KOHCTPYKIIii BUPOOY i MOPUCTOCTI KePaMidyHOiI CTIHKH, 10
i OyJI0O METOO JaHOTO JTOCTIIKCHHSI.

OcHoBHa YacTuHA. [I71s1 JOCATHEHHS MMOCTABICHOT
METH aBTOpaMH poOOTH OyiM MpoaHasi30BaHI ABI pPi3Hi
MOJIeNi KepaMidyHUX BHPOOIB 3 OJHAKOBUMH PO3MipaMH:
Mozenb 1 3 mycroTtHicTio 60 % Ta HENOpHU30BaHOIO
CTIHKOIO 1 Mojens 2 3 myctoTHicTio 40 % 1 mopucToro
ctinkoro (50 %). 3aranbHuii BUIIIAA MOJIEIEN TOKa3aHUi

Ha puc. ).

Pucynok 1 — 3aransHuil BUNIIA MOZEIi KepaMidHOTO BHPOOY
(I'x b x h =300 x 250 x 238 mm)

st

BJIACTHBOCTEH

MOPIBHAUIBHOTO ~ aHAJ3y  TEIUIO3aXHUCHHUX

Mmozeneid  OyB  po3paxoBaHWi  ix

EKBIBAJICHTHUH KOE(PIIIEHT TEIUIOMPOBITHOCTI A 3
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TaKUMHU JIONYIICHHSAMH: A MIUIBHOTO KEPaMi4HOTO
marepiany cranoBuB 0,70 Br/(M'K) (TunoBuit s
MOBHOTUIO LeraM), A mopu3oBaHoro Mmarepiary — 0,35
Bt/(m'K), A moitps — 0,0257 Bt/(M'K). Po3paxyHok
MIPOBOJIUBCS 3 BUKOPUCTAHHIM 3aKOHY TEILIOMPOBIIHOCTI

®yp’e B iHTeTpanbHiil Gopmi [5]:

Aoy =S

=& AT,
)

ne P — TemnoBuii MOTIK, IO MPOXOIHUTH KPi3h OOKOBY

P=

CTIHKY MoJeni, BT;

Aexs — CKBIBAJICHTHHH KOGQIIIEHT TETIIONPOBiTHOCTI
MOJIeJNi B HANPSIMKY TETIOBOTO MOTOKY, BT/(M°K);

S— mioma OOKOBOi CTIHKM MoOjeNi, Kpi3b SKy
IPOXOIHUTB TEIIOBHIA MOTIK, M’

0 — BificTaHb MiXK OOKOBHUMH CTIHKAMH MOJEI, M;

AT — pi3Huus TemrnepaTyp OOKOBHX CTIHOK MOJEI,
Kpi3b AKi IPOXOAUTH TEIJIOBUI NOTIK, K.

PospaxyHKH TOKa3amy, IO 3MEHIUCHHS ITyCTOTHOCTI
MozienbHUX BHpoOiB Ha 20% 3a yMOBH HOPHCTOI
KepaMiqHOi CTIHKH HE TUIHKH He TOTIpIIIye, alle i MOKpaIye

TEIUIO3aXKCHI BIIACTUBOCTI MOJIEN, 3MEHIIYIOUH KoeillieHT
YMOBH

TerionpoBiqHocTi Ha 12 %. 3a MEHIIIOT

mne
1.9840
1,6144
1,5065
1,4059

1,0038
u,

a

TEIUIOPOBITHOCTI TOPU30BAHOTO MaTepially sl Pi3HULS €
Oimpm  cyrreBoro. lle o3Hawae, MO 3 TOYKH 30Dy
TEIUIONPOBITHOCTI 32 OJHAKOBOI TeOMeTpii IycToT
ONTUMAIIFHOIO KOHCTPYKII€I0 BHPOOYy € MoOAenb 3
MOPU30BAaHUM  KepaMiYHMM  KapKacoM 1  MEHIIOI0
ITyCTOTHICTIO.

MeH1a MyCTOTHICTh 3a3BHYail NMO3UTHUBHO BILIUBAE
HAa MIOHICTP BHPOOIB, MpOTe B pasi IOPHCTOTO
KepaMiyHOro Kapkacy Moke OyTu W HaBmaku. Tomy Ha
IOCHIUKEHHS B
Workbench

KoM foTepHO—iMiTamiiHe 3D-MozmenfoBaHHS TOBEHiHKH

HACTYITHOMY  eTarli MIPOTPaMHOMY

KOMIUTEKCi  Ansys OyJlo  TPOBEICHO

000X Mozenedl mig  AI€I0  CTaTHYHHX  CHJIOBUX
HaBaHTa)KeHb. OCHOBHOIO 33/1aU€i0 TAKOTO MOJICIIOBAHHS
Oyno mTOpiBHAHHA Ae(OPMAaTHBHO—MILHICHUX SIKOCTEH
Mozmeneli Ha  OCHOBI  aHami3y iX  HampyXeHO—
nedopMoBaHOro CTaHy MijJ pi3HMM HaBaHTaXKEHHAM. [list
L[BOTO /IO HUX BEPTHKAIHHO OCHOBI MPHUKIAJAU TUCK, L0
BapitoBaBcst Bix 3,5 MIla 10 3HaveHHs, 3a SIKOTO
BUHUKAIA HE3BOPOTHI AedopMariii, mo CBIAYMIN TIPO

MoYaToK pyiiHyBaHHS (AUB. puc. 2).

3

Pucynok 2 — 3D mopeni BUpOOiB, SKi 3HAXOAUTECS MiJ JIi€10 pyHHIBHOTO MEXaHITHOTO HABAHTaXKEHHS .

a —Mogens 1 mix giero pylHiBHOTO HaBaHTaxeHHs 7 MIla; 6 — Monens 2 mix miero pyHHIBHOro HaBaHTaxkeHHS 5,8 MIla

Sk BuXigHI maHl U1 PO3PaxXyHKY HAmpyKeHO—

neopMOBaHOTO  CTaHy MOJENIEH BUKOPHCTOBYBAJIN
BIZIOMOCTI NP0 MOJYJi MPYXKHOCTI KEpaMiKH 1 CepeHio
TYCTUHY Mojened. 3a OI[IHOYHHMH KpuTepidl MIIHOCTI
Mojenell OyB NpUHHATHH TX KoedillieHT 3anacy MIIllHOCTI
(1,4) mo ananorii 3 HOro CraHIapTHUM 3HAYEHHSM, IO
BUKOPUCTOBYETLCS IIPU IPOEKTYBaHHI JeTaleii MalluH Ta
eJieMeHTIB cropyx [6].

Puc. 2 imoctpye, mo mpw mepexoii Bin meprioi

MOI[eJ'Ii 0 Z[pyl"O.l. MO,Z[eJ'Ii KPpUTUYHE HAaBaHTAKCHHS

18 %,
MeXaHIYHOT

3MCHINYETHCA Ha 1o CBi,II‘{I/ITB IIpo  TI€BHY

JIeTpaaIiro MIITHOCTI. Haii6inpm
Ypa3iMBUMH JIUISHKAMH BHPOOIB € iX KyTH, SIKI 3aBXKAW
KOHLIEHTPYIOTh HAIpyr", a TOMy OyJM BHKIIOYCHI 3
po3risiny. AHaNi3 HampyXeHO—Ae(hOpPMOBAHOTO CTaHY
Mojeneld B JUHAMiNi IOKa3aB BIIMIHHMH XapakTep
pyiHyBaHHs Mozeni 1 mopiBHsHO 3 Mojemno 2. Tak, 3a
BIJTHOCHO HeBenMkoro Tucky (4 Mlla) momens 2 €
MIIHIIIOK, MPO MO0 CBiM4YaTh OLIBII IUTONII 30H 3

BUCOKMM KoedimienTom 3amacy minHocti 1,87-2,3, B Toit
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yac sk Uit mojeni 1 mpubnmsHo 60 % riomi CTIHOK
BignoBigae koegimieHnty 3amacy wimHocti 1,4-1,9. 3a
TUCcKy 5 MIla 30BHIIIHS HOBEpXHS CTIHOK 000X Mojenen
XapakTepu3yeThCsl KoeQilieHToM 3amacy MinHocTi 1,4—
1,7, ame iX BHYTpIIIHA NOBEPXHS Mae OiuIbIe HIX
MOBIHHMIA 3amac MIMHOCTI Tex y moxem 2. [lonmampre
HAaBaHTAKCHHS Ha MOJENb 2 CIPUYMHSE CYTTEBE
30UTBIICHHS TUIOII AeopMaIiifHuX 30H 3 KoegilieHToM
3amacy MinHOCTI Menme 1,4, a ii KpUTUYHUN CTaH
croctepiraeTbest 3a THCKy 5,8 MIla (puc. 2, 6). Taky
pi3HMIIO B JMHAMILl pyHHYBaHHS MoJeled MOXKHa
MOSICHUTH, 0a3yrOunch Ha pe3yibTaTax MOCIiIKeHHS [7]
TUM, IO TMOPHUCTI MaTrepiaau PYHHYHOTHCS MOIIOHO IO
IUIACTUYHUX 3 IIOCTYIIOBHM HAaKONMYCHHIM Je(eKTiB.
IMpn HaBaHTakeHHI BHPOOY 3 TOPHUCTOI0 CTIHKOK B
HbOMY YTBODIOIOTBCS M HAKONUYYIOTHCS MHOMKHHHI
OCEepeNKA HAMpyT, BHUKIUKAHI HASBHICTIO YHCEIbHUX
TpaHULb PO3NOALTY (a3 «mopa—kepamika». [Ipu mpomy
pYHHIBHE HaBaHTaXEHHs JUIi INIJIBHUX MarepialiB
OlplIe HiX JUIS TOPUCTHX: KPUTHYHE HAaBAHTAXKCHHS IS
Mozeni 1 3 HIUIBHOK KEPaMiYHOI CTIHKOI CKJIaio 7
MIla, a mrs mMozeni 2 3 mopucTor crinkow — 5,8 Mlla.
®dopMyBaHHS 30H HaAHOLIBII BIPOTITHOTO PYHHYBaHHS
Mozeneli 3 HENPUHHATHUM  KOe(IIlieHTOM  3amacy
MirHocTi  (MeHine 1,4) BigOyBaeThCs B IUIOLIWHI,
NEePICHNKYJSIPHIN Bici IPUKIIaACHHS HABAHTAXKEHHS, L0

XapaKTepHO JUIsl MarepialiB 3 BIJHOCHO HEBEJIHMKOIO
MirHicTIo [8]. OTpuMaHi pe3ynbTaTH OPUBOIATH 1O
BHCHOBKY, IIIO MyCTOTUI KepaMiduHI BUPOOU 3 MOPHCTOIO
CTIHKOIO, HE3B@XAIOYW HA IIOCTYHOBHH  XapakTep
pYHHYBaHHS, MalOTh MEHIIY MEXaHI4Hy MIIHICTb 1 JUIs
MOKpammeHHs iX jaedopMarifHO-MIIHICHUX — SKOCTEH
HEOoOXi/THO 3MIIHIOBAaTH BJIaCHE KepaMiyHMH Mmarepian i
30HH KepaMigyHOi MaTPHIli, OTOYYI0Ui ITOPH.

Skuio MIIHICTB KepamivyHOro Matepiany
3HaXOAWTHCS B TPsAMIH 3aJEKHOCTI Bl TeMIepaTyph
BUNATY 1 BHJY BHMKOPHCTaHOI TIJIMHUCTOI CHPOBUHH, TO
JIOKaJlbHAa MIIHICTh 30H, IO MEXYIOTh 3 MOpaMH, — B
nepury 4epry Big ¢opmu nop. Tomy HacTymHuil eram
TEOPETUYHHX JOCIIDKeHb OYyB NMPUCBIYCHHH BHBYCHHIO
BIUIMBY TEOMETpil MOp Ha XapaKTEpPUCTUKU MII[HOCTI
KepaMiuHuX CTpykryp. s BupimeHHs i€l 3amadi 0yio
BUKOPHCTAHO CHUCTEMY aBTOMAaTH30BAHOTO IPOEKTYBaHHS
Ta imkeHepHoro anamizy SolidWorks Simulation, sxa
peanizye METOJ KIHIICBHX CJIEMCHTIB, IO JJ03BOJISE
CTBOPHUTH IMITamiifHi KOMIT FOTepPHI MOZEN MaTepialis,
noOyAyBaTd T1OJIsi HAampyKeHb B Marepianax mnpu
3aJ]aHOMY PiBHI MEXaHIYHOI'O HaBaHTA)XCHHS Ha HHX, IO
€ HEMOXJIUBHM TMPHU MPSIMOMY EKCIIEPUMEHTAIbHOMY
aHami3i. Byno cTBOpeHO Monem MOPUCTHUX KepamigHHX

CTPYKTYp, SIKI MICTATh YMOBHO 130TPOIHHN KepaMidHUMN

MaTtepial i mopu pizHoi popmu (puc. 3).

Pucynoxk 3 — JlocmipkyBaHi MOJIelTi MOPUCTHUX KePaMiuHUX CTPYKTYP:

a — MOJieIb 31 ChepUIHIMH MOPAMH; 6 — MOJIEN 3 eIICOIAHIMH MOPaMH; @ — MOJIEIb 3 TTI00YIIIPHUMH ITOPAMH

Ilpu pospaxynkax B mnporpami  SolidWorks
Simulation 3akmamamicst Taki OCHOBHI TapameTpH
Mojenei: 3aranpHa nopucticts 40 % (momipHO mopucrta
CTPYKTYpa), XaOTHYHE PpO3TAIIyBaHHSI MOpP, HMPUOIU3IHO
oHaKOBHIA TX po3mip. ns chepuunux mop miamerp (d)
cranoBus 0,07-0,1 MM, JuIst eincoiqHuX i TI00yIApHIX —
d, = 0,07-0,1mm, d; = 0,3-0,4 mm. HapantakeHHs
MoJIeJield BiJIIIOBIIaJIN peaJIbHOMY THCKY AEKIJIbKOX psiiiB
BHpOOIB Ha OAWH HIDKHIA PSI KIAQAKH 32 PIBHOMIPHO

posmnofinenoro TucKy i craHoBw 10 MIla i 12,5 MIla.

I[Ipn  po3paxyHKax  BHKOPHCTOBYBAaBCS  KpHUTEpid
pyWinyBaHHA MatepianiB [Incapenka—Jlebenera, mo €
KOPEKTHUM /ISl OI[IHKM MIITHOCTI KPUXKHX CTPYKTYpHO
HEOJHOPITHUX MaTepiaiiB, 10 SKUX BiTHOCHTHCS MOPHUCTA
kepamika. [laHwii  KpuTepid  XapakTepH3ye  THCK,
BiJIHECEHUIT 10 00’ €My 3pa3Ka, Ta SBJsie COO0I0 KPUTHIHE
HAaBaHTAXXCHHSI, 110 BUKJIMKAE PYHHYBaHHS CTPYKTYpH [9,
10]. [dns npuknagy — pe3ynbTaTH — MOJCIIOBAHHS
KepaMigHOi CTPYKTYPH 31 cheprIHIMH TOpaMH Y BUTIISIII
3D Mopeni 3 emrOpaMH PO3MONUTY HANPYT Wi i€l
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MexaHi4HOro HaBaHTaxceHHs 10 MIla HaBezeHi Ha puc. 4.

Ha puc. 4 xompopoM y HYepBOHO-TIOMapaHUEBIH
YaCTHHI CIIEKTPY BHJIUIEHI CTPYKTYpHI 30HH, B SKHX
HaTpyTH TEePEeBHUINTYIOTh KpUTHUHY MinHicTh 10 MIla.
Tam ke HaBeAeHUH 00’eM CTPYKTypH, sKuii Oyze
pyWHYBaTHCS TIPH TEPEBUIIEHHI KPUTUYHOI MIITHOCTI.

PesynpraT = MoOJeNmOBaHHS =~ TMOBEAIHKM  MOPHCTHX
KepaMiyHUX  CTPYKTyp TiX  Ji€l0  MEXaHI9HOTO
HAaBaHTAXKEHHS  MOKaszanmu, 10 31  3pOCTaHHAM

HaBaHTaxeHHS Ha mojem (3 10 MIla no 12,5 MIla ) B
HUX BUHUKAE Ha0baraTo OUTbINE HANPYT, sIKi BiAMOBIAAIOThH
piBHIO KpuTtnaHOi MinmHOCTI 10 MIla, i Mozmemi cyTTeBO
BTPaYyarTh CBOK MIIHICTh. s ycix TphoX Mopenei
00’eM «3pyITHOBaHHX» CTPYKTYPHUX EIEMEHTIB MPH 3MiHi

tucky 3 10 MIla no 12,5 MIla 30inburyersest Maiike B
Ane 3a
MiHIManbHUH 00’€M €JEeMEHTIB CTPYKTYpH,

YOTUPH  pasH. pI3HOTO  HaBaHTAXEHHS
B SKHX
HaIPyTH NEPEeBUIIMIN KPUTHYHY MILHICTb, XapaKTepHHI
Jutst Mozedi 31 chepuunnmu nopamu (y 1,25 pa3u MeHue,
HDK y MOZAENeH 3 iHIIMM THIIOM I0p). BaknmmBo Takox
3BEPHYTH YBary, I10 KPUTWUYHI HAlpyrd BUHUKAIOTH B
KOHTaKTHIH 30HI KepaMi4HOI MaTpHWIli 3 IMOpaMH, SKi €
HaWOIIBII  ypa3IMBUMHU  CTPYKTYPHUMHIUITHKAMHU. 3
BFOTO MOXHA 3pOOUTH BHUCHOBOK, IO IJIsI 301MBIICHHS
MEXaHIYHOI ~ MIIHOCTI ~ NOPH30BaHUX  KepaMiuHHUX
MaTepialiB CIil CTBOPIOBYBATH B HHOMY c(epHUHI TOpH

Ta 3MiIIHIOBaTI/I JIOKaJILHI 30HH, IO OTOYYIOTH IOPHU.

(Nin*2)
l 1764007
_y - 13e007
- 8.4e+005

. 4204008

. 3.4e+006

. 2984008

| 250008

. 21e+008

. 1.5e+008

- 1.1e+006

- 9.4e+005
I 3.5e+005
5.7e+004

Pucynok 4 — 3D—mopens kepaMigHOTO MaTepiany 3i chepuIHIME IOPAMHU B HAIIPYKeHO—1e(h)OPMOBaHOMY CTaHi

bazylouncs Ha  pe3yJbTarax MIPOBEJCHUX
MIPOTHO3HUX PO3PaxyHKIB, aBTOpaMu OyinH po3pobieHi
KepaMiuHI MarepiaJii 3 OpPraHi30BaHOK MOPHCTOIO
CTPYKTYpOIO 3 BHKOPHCTAHHSIM JIETKOTOIIKOTO CYTJIMHKY
Ta PI3HUX MOPOYTBOPIOIOYMX AareHTiB, B TOMY YHCII
YHOCY, SIKi

3abe3nedyBaiu 3agaHy chepuuny

MIPOJIYKTIiB MICTHIH

Mikpochepu, 110

MepepoOKu 301

¢dopmy mop. 3aKOHOMIPHOCTI 3MiHHM BIACTHBOCTEH
PO3pOOJICHUX  KepaMiYHUX MaTepiaiiB  IMiITBeP I
pe3ynpTaTu TEOPETHIYHHX PO3paxyHKIB Ta

eKCIICPUMEHTAIBHO JOBEIIM HEOOXITHICTh OpraHizamii

CTPYKTYp 31
KOHTaKTHOI

cheprYHHMH TOpaMH Ta 3MII[HCHHS

30HM  «KepaMiyHa  MaTpUIS—30JIbHA
Mikpocdepa» Uil MOKpalleHHS MEXaHIYHOi MIIHOCTI
MOpH30BaHol CTiHOBOT Kepamiku [11, 12].

BucHoBKH. AHaJi3 HanpsMKiB BJOCKOHAICHHS
Cy4acHOT KOHCTPYKIIHHO—TEII0I30s1iHHOT OyAiBeNbHOT
KepaMiKd 1 BHBYCHHS B3a€MO3B’S3Ky «IIyCTOTHICTh—
TETUIONPOBIHICThY MOKA3aB, 10 B yMOBAX BITUYU3HSIHOTO
3HWKCHHS

CHUPOBHHHO—PECYPCHOTO MOTEHIT ATy

TEIUIOMPOBITHOCTI JIOLJIBHO ocAraTu LIJIAXOM

oprasizauii MOpucToi CTPYKTYpH KEpaMiuHOIo KapKacy

BUpOOIB mpu iX 3MeHmIeHi mycroTrHOCcTi. Po3paxyHku
Koe(illieHTIB  TEIUIONPOBIAHOCTI Mozenel BHUPOOIB 3
nyctoTHicTIO 40 % 1 60 %, siki MalOTh MOPH30BaHy i
LIJIbHY CTIHKY, NPOAEMOHCTPYBAJIM, IO 3MEHIICHHS
MYCTOTHOCTI 32 YMOBM MOPHCTOI KepaMiuHOI CTiHKU
MIOKpaIIye TEIUI03axXUCHI BIACTUBOCTI BHPOOIB 1 3HMKYE
koediwieHT TemonposigHocti Ha 12 %.

IIpoBenena TteopeTMuHa OILiHKA Je(OPMATHBHO—
MIIHICHUX SIKOCTeH MOJeNel 3 PI3HOI MyCTOTHICTIO Ta
TEOMETPIEI0 TOp Ha OCHOBI aHaji3y IiX HaIpyXeHO—
nedopMoBaHOro CTaHy INiji Pi3HAM HaBaHTAXKEHHSIM 3
BUKOPUCTAHHSAM KOMIT IOTepHO—IMITaIliiHOTO 3D

MOJIC/TIOBaHHS. BHW3HAYeHI TEXHOJOTIYHI  MPHUHIUITH

OTPUMAHHS MOPU30BAHOT KOHCTPYKLIiIHHO—

TEIUIOI30AIINHOT  OyniBenbHOT — KepamikH, sIKi B

OCHOBHOMY TIOJISITAIOTh B HACTYITHOMY:
— I oprasizartii HalOIbII CIIPUSATINBOT
CTPYKTYPHOI

Marepiany i 30UIbIIEHHS 0r0 MeXaHi4HOI MII[HOCTI CJIiJl

KapTHHU IOPpU30BaHOTO KepaMquoro

CTBOPIOBYBATU B HBOMY MAKCUMAJIbHY KiJIBKICTh nop

chepuyroi GopMH 3a MANOPSAKOBAHOI  KUIBKOCTI

rIIO0YNAPHUX 1 MiHIMI3yBaTH MOKJIMBICTH YTBOPEHHS I1OP

72

Bicnux Hayionanvrnozo mexuiuno2o ynisepcumemy « XI11»

Cepisn: Ximis, ximiuna mexvonozis ma exonozis, No 1(5) 2021 _
€dited with the demo version of

o Infix Pro PDF €ditor

To remove this notice, visit:
l wwuw.iceni.com/unlock.htm



http://www.iceni.com/unlock-pro.htm

ISSN 2079-0821 (print)

EJINCOIIHOTO THITY;

— g TOKpamieHHA — AeOpMaTHBHO—MIIIHICHUX

SKOCTell BHMPOOIB 3 MOPHCTOI0 KEPaMiyHOIO CTiHKOIO

HEOOXiTHO 3MIITHIOBATH SIK BIIaCHE KepaMiuyHUHA maTepiai

(MIXITOpOBI JUISTHKM), TaK 1 JIOKAJIbHI 30HM KepaMidHOI

MaTpHIli, III0 OTOYYIOTH ITOPH, K HAWOUIBII ypa3muBi

JIUISTHKY CTPYKTYPH HOPU30BAHOT KEPAMIKH.

BuxopuctaHHS IaHUX pPEeKOMEHAAIId B TEXHOJOTI{

KOHCTPYKILIHHO—TEMI0130JIiHHOT OyAiBeNbHOI KepaMiku

12.

TexHONOTiYHI CIOCOOM PEryiIroBaHHS IOPHCTOI CTPYKTYpH 1

BJIACTUBOCTEH  KOHCTPYKLIMHO—TEIUIOB0MALIMHIX — KepaMiuHHUX
MarepianiB. TeXHOIOrHYECKUH ayIUT M Pe3epBbI MPOU3BOJACTBA.
2015. Ne 6/4 (26). C. 51-55.

lyxina JI. I1., Tanymka 5. O., CaBerko A. C., Xnonuupkuii O. O.
IlepcrekTHBH BHUKOPHCTAHHSA 30JIOMATepiayliB Y BHUPOOHHLTBI
KOHCTPYKIiHHO—TeIuIoi30msLiiiHol Kepamiku. [IutanHs ximii Ta

ximiuHoi TexHouorii. 2020. Ne 3(130). C. 215-224.
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JI. B. TOPBYHOB, H. B. TAPIHIIEBA, O.B. 3BAT'THI[EBA

3ABE3INIEYEHHSI YMOBH CIIIBCTABHOCTI PE3YJIBTATIB ¥ ITIOJIbOBUX
BIOTEXHOJIOI'TYHUX JOCJLI)KEHHAX 3A JOITIOMOT' OO KOMITI'IOTEPHOI'O
EKCIIEPUMEHTY

Ilpu mpoBeneHHI O0iOTEXHONOTTYHMX IOIBOBHX IOCHI/KEHb 3 BHKOPHCTAaHHSAM DOCIMHHHX OO0’ €KTiB iCHye Ipobiema OOJIIKYy TreTepOreHHOCTI
pe3yIbTaTiB, HEJOCKOHANICTh METOAIB MPHU3BOJUTH O HEOOXIOHOCTI 0araTopa3oBOro IIOBTOPEHHsS JOCHINIB Ta HE BHPIIIYEThCS HHTAHHS
BIZITBOPIOBAHOCTI 1 MOPIBHSHHOCTI pe3yJbTaTiB JOCTIPKEHb, TOMY 3aCTOCYBAHHS MaTeMAaTHYHHX MOJENeH B JOCIIDKCHHAX Ia€ MOXIIHMBICTh HE
TiJIBKM BUSIBUTH, aJie i OSICHUTHA OTPUMaHI 3aKOHOMIpHOCTI. [IpeiMeToM BUBUEHHS B CTATTI € iMiTalliifHA MOJIENb OLIIHKA MacH 3€pHIBOK KYKYpPYyI3H1
3 ypaxyBaHHSM iX T€HOTHITy 1 YMOB BUPOIIyBaHHSA. B OCHOBY Mozeni MOKIaAeHo aHATITHYHUN BHpa3, IO BiJoOpakac OCHOBHI MPUYHHH 3POCTAHHS
HACiHHS KyKypyJI3H IIICJIS 3allWICHHS POCIMHH. Maca 3epHIBOK KYKYPYA3H 3aIeKHTh Bi psay 0ionoriyHux (axTopiB (TEHOTHII), TEXHOJIOTIYHUX —
CTPYKTYpH IpyHTY (11 POIIOUICTB i CIocoOM 0OpPOOKH), a TAKOXK KJIIMATUYHHUX YMOB (BOJIOTICTh, IHTEHCHBHICTh OCBITJICHHS). MeTar JOCIIKSHHS €
CTBOPEHHS iMiTaniifHOi Mozeni 1yt 3a0e3nedeHH s IOPIBHSAHHOCTI pe3yIbTaTiB, OTPUMAHUX IIPU BUPOLIYBaHHI KyKypy/3H Ha 3epHO B Pi3HUX yMOBax.
B sixocTi MeTOXIB UIsl OTPHMAHHS Ta OOYIOBH Pe3yJIbTaTiB BUKOPHCTOBYBAIINCS 0i0J0TiUHMIT (BUPOIYBaHHS) i MaTeMaTHIHUH (iMiTaliifiHa MOJEIb)
MeTozu. Po30KHICTE OIIIHKM MacH 3epHa OJHaKOBOTO T'€HOTHITY BUPOLIEHHUX B Pi3HHUX JIOCITITHUX TOCHONAPCTBAX Pi3HUX KJIIMATHYHHX 30H YKpaiHH
1 OTpUMaHHX PO3PaXyHKOBUM CIOCOOOM cKiasio He Oinbmie 18 % i oTpuMaHMX eKCIepHIMeHTaNbHO 10 64 %. OcoOnuBiCcTIO MOZIEN € He3aleXkKHICTh
TeTepOreHHOCTi 61000’ €KTy (TOCTiIKyBaHHX JIiHIH 1 riOpHAIB) BiX yMOB iX BHPOLIyBaHHS (CTPYKTYPH I'PYHTY 1 KIIMATHYHHX YMOB). 3aCTOCYBaHHS
MaTeMaTHYHOI'O MOJICIIIOBAHHS JIa€ MOKJINBICTh 3HHU3UTH PO3XOKEHHS JIOCIIPKYBaHHX MTOKa3HUKIB 10 25 pa3iB OTpUMaHUX B Pi3HUX AOCI]ifAaX, THM
CaMHM 3HAYHO CKOPOTUTH 4ac, TPOIIOBI BUTPATH 1 3a0€3MEUNTH YMOBa OPIBHSAHHOCTI Pe3yNIbTaTiB Ul OTPUMAaHHS JOCTOBIPHOTO PE3yIbTaTy.
KoiouoBi c10Ba: MaTeMaTHYHE MOZICIIOBAaHHS, IMiTalliifHa MOzieNb, 61000’ €KT, KYKypya3a, eHIOCIEPMOBI MyTaHTH, Te€TEPOreHHICTb.

JI. B. TOPBYHOB, H. B. IAPUHIIEBA, O.B. 3BATHUHI[EBA

OBECHEYEHHUE YCJIOBUI CONTOCTABUMOCTH PE3YJBTATOB B ITIOJIEBBIX
BUOTEXHOJOI'MYECKHUX HCCJIEJOBAHUAX ITPU ITIOMOIIN KOMIIBIOTEPHOI'O
SKCITEPUMEHTA

Ilpy mpoBeneHHH OMOTEXHONOTHMYECKHX IOJNICBBIX HCCIICJOBAHUH C HCIONb30BAHHEM DPACTUTEIBHBIX OOBEKTOB CYIIECTBYET MpoOieMa ydeTa
T€TEPOreHHOCTH PEe3yJIbTaTOB, HECOBEPIICHCTBO METOJOB HMPHBOAUT K HEOOXOJMMOCTH MHOTOKPATHOTO MOBTOPEHHsS OIBITOB, HO HE PEIIaeTCs
BOIPOC BOCIPOU3BOJUMOCTH M COIMIOCTABUMOCTH PE3yJIbTaTOB HCCIICAOBAHUIA, TI09TOMY HMPUMEHCHHE MAaTEMAaTHYECKUX MOJENeil B HCCIEIOBAHMUSIX
J1aeT BO3MOXKHOCTb HE TOJBKO BBISIBUTb, HO U OOBSICHHTD IOTYYCHHBIC 3aKOHOMEPHOCTH. [IpeMeToM M3ydeHHs B CTAaThe SIBISCTCS MMHUTAIIMOHHAS
MOJIENb OLCHKM MAacChl 3€PHOBOK KyKyPy3bl C y4eTOM HX T€HOTHIIAa M YCIOBHH BBIpAIMBaHHsA. B OCHOBY MOIENM MOJOXEHO aHAIMTUYECKUH
BBIP@XXCHHE, OTPAXKAIOIIEe OCHOBHBIC IPUYMHBI POCTa CEMsH KYKYpYy3bl HOCHE OMBLICHHs pacTeHHs. Macca 3epHOBOK KyKypy3bl 3aBHCHT OT psiaa
OHroorn4eckux (HakTopoB (TEHOTHIT), TEXHOJIOTHYECKUX — CTPYKTYPHI MOYBHI (€€ IUIOAOPOJHe U CIOocOoObl 00pabOTKH), a TaKKe KIMMATHYECKHX
yCcIoBHi (BIa)KHOCTb, HMHTEHCHBHOCTh oOcBemieHust). Llemp WccienoBaHUs SBISETCS CO3/aHME HMHTAIMOHHOW MOfenn s oOecredeHust
COMOCTABUMOCTH PE3YJIbTATOB, MOMYYECHHBIX IPU BHIPAIIMBAHUH KYKYPY3bl HA 3¢PHO B PA3JIMYHbIX YCIOBHSX.

B kauecTBe METOJOB JUI TONYYCHHS M IIOCTPOCHMS DE3y/lbTaTOB HCIIONB30BANHCh OMONOTHMYECKUH (BBIpAIMBAaHHE) W MaTEMaTHYCCKHI
(MMUTaMOHHAs MOJEIb) METO/BI. PacXokaeHHe OLEHKHM MAacChl 3epHA OJMHAKOBOTO I'€HOTHUIIA BBIPAIICHHBIX B PA3IMYHBIX HCCIEIO0BATEIbCKUX
XO35MCTBAX PpA3MYHBIX KIMMATHYECKUX 30H YKpawHbl M IOJYYEHHBIX PACUYETHBIM CIIOCOOOM cocTaBuino He Ooinee 18 % W mOMyd4eHHBIX
IKCIEPUMEHTATBHO 10 64 %. OCOOEHHOCTBIO MOJIENH SIBIISIETCSl HE3aBUCUMOCTh TE€TEPOTeHHOCTH OM000BEKTa (MCCIIEAyEeMbIX JIMHUNA U THOPHUIOB) OT
YCIIOBHiT MX BBIpAIIMBAaHUS (CTPYKTYphI MOYBBI M KIMMAaTHYECKUX YCIOBHM). [IprMeHeHHe MaTeMaTHUeCKOro MOJCIUPOBAHUS TaeT BO3MOXKHOCTD
CHU3MTH Pa3IM4usi MCCIELYEeMBIX IOKa3arenel 10 25 pa3, KOTOPBIC IOJYYeHBI B Pa3HBIX OIMBITaX, TEM CaMbIM 3HAYUTEIBHO COKPATUTH BPEMs,
JICHE)KHBIE PACXO/IbI K 00ECIIEUHUTD YCIOBHE COMOCTABIMOCTHU PE3YJIbTATOB IS TONYYECHHS JOCTOBEPHOTO Pe3y IbTaTa.

KiioueBble cJI0Ba: MaTeMaTHIECKOE MOJICTNPOBAHNE, IMHTALIMOHHAS! MOZEIb, OH000BEKT, KYKypy3a, SHI0CHEPMAIbHbIE MyTaHThI, TETEPOrCHHOCTb.

L. GORBUNOV, N. LARINTSEVA, 0. ZVIAHINTSEVA

PROVISION OF CONDITIONS OF COMPARABILITY OF RESULTS IN FIELD

BIOTECHNOLOGICAL RESEARCH USING A COMPUTER EXPERIMENT

When conducting biotechnological field studies using plant objects, there is a problem of taking into account the heterogeneity of the results, the
imperfection of methods leads to the need for multiple repetitions of experiments, but the issue of reproducibility and comparability of research
results is not resolved, therefore, the use of mathematical models in research makes it possible not only to identify, but also to explain the obtained

© JI.B. 'opoyHoB, H.B. Jlapinuesa, O.B. 3Bsrinuesa, 2021
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patterns. The subject of the study in the article is a simulation model for estimating the mass of corn grains taking into account their genotype and
growing conditions. The model is based on an analytical expression that reflects the main reasons for the growth of corn seeds after pollination of the
plant. The mass of corn grains depends on a number of biological factors (genotype), technological — soil structure (its fertility and methods of
cultivation), and climatic conditions (humidity, light intensity). The aim of the study is to create a simulation model to ensure the comparability of the

results obtained when growing corn for grain in different conditions.

Biological (cultivation) and mathematical (simulation model) methods were used as methods for obtaining and constructing results. The discrepancy
in the estimation of the mass of grain of the same genotype grown in different research farms of different climatic zones of Ukraine and obtained by
calculation was not more than 18 % and obtained experimentally up to 64 %. A feature of the model is the independence of the heterogeneity of the
bioobject (studied lines and hybrids) from the conditions of their cultivation (soil structure and climatic conditions). The application of mathematical
modeling makes it possible to reduce the differences in the studied indicators up to 25 times, which were obtained in different experiments, thereby
significantly reducing time, money and provide a condition for comparability of results to obtain a reliable result.

Key words: mathematical modeling, simulation model, bioobject, corn, mutants of endosperm, heterogeneity.

Beryn. [pu npoBeaeHHi 610 TEXHOJIOTIYHIX ITOTBOBHX
JIOCTI/PKEHb 3 BHUKOPHUCTaHHSM POCIMHHHX OO’€KTIB iCHYE
mpobsieMa OOJIKY TETepOTeHHOCTI Pe3yJbTaTiB, HEIOCKO-
HAJICTh METOIIB TPU3BOAUTH 10 HeoOXimHocTi Oarato-
pa3oBOTO TOBTOPEHHS MOCTITiB, 1 pa3oM 3 OUM He
BUPILIYETHCS MHUTAHHS BIATBOPIOBAHOCTI 1 MOPIBHSIHHOCTI
pe3yNbTATIB  OCHIDKEHb. 3aCTOCYBaHHS MAaTEMaTHYHHX
MozieNied B JIOCTI/DKEHHSIX Ja€ MOXJIMBICT HE TUIBKH
BUSIBHTH, aJic W MOSCHUTH OTPHMaHi 3aKOHOMIPHOCTI, IO
JIO3BOJISIE CTBOPUTH TNPHHIIMIIOBO HOBI COPTU Ta TiOpumu
CUTECHKOTOCTIONAPCHKUX  IIHHHX TaKUX  SIK
KyKkypymza [1 —2].

CydacHa METONOJIOTIS BHAUIE TPU €Tald MapeMa-

pociuH,

THU3allil 1IOTO 3aBJAHHS: CTATUCTHYHA 00POOKa EMITIPHYHIX

JIAHUX,  MOJEJIOBAaHHS  GKCIIEPUMEHTY Ha  OCHOBI
3aCTOCYBaHHS PErpeciiHUX pIBHSHb 1 BIAHOCHO IOBHI
MaTeMaTH4HI Teopil, IO TPEACTAaBICHI aHATITUIHIMHU
Bupazamu [3]. JlocsirHeHHsI B raiy3i POCIMHHHMITBA JAIOTh
[IAPOKY MOKJIMBICTh 3aCTOCYBAHHS AHATITUIHHX METOIIB
MaTeMaTHYHOTO MOJIEJIFOBAHHSI, 32 YMOBH ITOBHOI peastizarii
MOXKJIMBOCTEH, 3aCHOBaHNX Ha BUKOPHUCTaHHI CTATUCTUYHHX
METO/iB  aHamidy Ta onTuMizauii OararopakTopHuX
EKCTICpUMEHTIB.

AHani3 craHy nuTaHHsa. MartemaTuuHi Mozeni €
MOTY’)KHAM 1HCTPYMEHTOM OITUCY, aHaTi3y Ta ONTHMi3amil
OTPUMAHHUX JaHUX. PiBeHb 3aBEPIICHOCTI JOCIIAHHUIBKOT
poOOTH BH3HAYAETHCS aJEKBATHICTIO OIHUCY JIOCIIKY-
BaHOI'0 MOXJIMBICTIO ~ Hioro

SBUIA 3 [OJAJIBIIIOTO

MOsICHEHHS. MareMaTtnaHe a6C’I‘pal"yBaHHﬂ OTpHUMAaHUX

pe3yiabTaTiB  MOXKE CHPHUSATH  BHPIMICHHIO  MPOOJieMH
HETIOPIBHSIHHOCTI €KCIIEPUMEHTAJIbHO OTPUMAHMX J[aHHUX
NPy 3MIHHMX YMOBaX MPOBEICHHS MOCHIMIB 1 CIyXHUTH
BII[PAaBHUM MOMEHTOM IIPOBEJICHHS MOJAJIbIINX JOCIi/-
JKeHb, O0COOMMBO TIpU OIOTEXHONOTIYHUX JTOCHIHKEHHS
pociHHEX 00’ eKTiB [4].

BiacyTHicTh METOIIB KUJIBKICHOTO aHamzy
TeTEepOreHHOCTI MOHOT€HHHMX EHIOCIIEPMOBHX MYTaHTIB
KyKypyJI3W IIpH OIliHII TEXHOJIOTIYHMX Omepamiii mo
CTBOPEHHIO BHCOKOINPOAYKTUBHHUX COPTIB 1 TiOpuaiB

MIPU3BOJNTH JI0 HETIOPIBHSHHOCTI 1 HEBiITBOPIOBAHOCTI

pe3yIbTaTiB OTPUMAHHX IPHU PI3HAX €KCIIEPUMEHTAIBHIX
ymoBax. lle ycknmanHioe mpoBefeHHs OaratodakTopHOTro
aHaJi3y Ta ONTHMi3allif0 OiOTEXHOJIOTIYHOTO EKCIIepH-
MEHTY. BuKopuctaHHd MaTeMaTU4YHUX MoOJeNed B
CeNeKIil MIHHUX I CUTBCHKOTO TOCIIONAPCTBA POCIHH
JIA€ MOXKJIMBICTh BHSIBUTH 1 TOSCHUTH 3aJ€KHOCTI, sKi
JIO3BOJISITH  CTBOPIOBATH IPHWHIIUIIOBO HOBI COPTH Ta
riOpuan 3 MONIMNIICHUMH IIJIbOBUMHU XapaKTePUCTHKAMH.

Mera pociaimxennsi. Mera JOCIIDKEHHS IOJIATacE B
iMiTamiiinoi  Mozeni 3a0e3neueHHs

CTBOpEHHI IS

MTOPIBHAHHOCTI pe3yIbTAaTIB, OTPUMAHUX npu
BUPOIIYBaHHI KyKypy/31 Ha 3€pHO B Pi3HUX yMOBax.
ITocTanoBKa 3amaui. 3agauero JOCIIUKEHHS CTAJIO
CTBOPEHHS IMiTalliiHOT MOJIeJi OI[IHKM MacH 3epHa JIiHiH
Ta TiOpHAiB KyKypyA3H 3 ypaxyBaHHSIM iX T'€HOTHITYy Ta
YMOB BHUpOIIyBaHHs. B OCHOBY 3ampornoHoBaHol Mojei
TIOKJIaJICHO AHAJTITUYHUHA BUpa3, IIO BiJTBOPIOE OCHOBHI
(axTopu pocTy Micis 3alMJIeHHS POCIMHHU, a came, Ha
Macy OJEpXXaHOTO 3€pHa BIUIMBAE psJ  (AKTOPIB:
010JIOT1YHI — TEHOTHI JiHIM 1 riOpUAiB, TEXHOJOTIUHI —
CTPYKTypa IPYHTY (pOIIOYICTh i crmocobu oOpoOkm) Ta
KJIIMaTH4HI (BOJIOTICTh, IHTEHCHBHICTb OCBITICHHS).
Martepiann Ta MmeToau gocaimkenHs. Marepiaaom
JUIA  JIOCHI/DKEHb CIY)KWJIM Cepis HECMOPIAHEHUX 3a
MTOXOJKEHHSIM 1HOpEeTHUX JiHIA KYKypyI3H HOPMAIILHOTO
THILY, JIiHIl — HOCIiB eHJIoCHIepMaJIbHUX MYyTaliil WX, Su;
Ta, OTPUMAHHUX BHACTIJOK X JiaJielbHAX CXpEIlyBaHb B
pamMKax OJHOTO T€HOTHITY, MPOCTHX TiOPHIIB 3a APYrUM
merogom ['pidinra [5].
BatpkiBcbknMH (popMamMul TIEPIIOi CXEMH TTOCITY KIIIH
6 JiHIM KyKypya3u 3BudaiiHoro tany (BIP—44, P-346, T-22,
A-619, P-165, B-37), npyroi— 6 miHili-HOCIiB MyTarii
waxy (BK-11, BK-13, BK-19, BK-36, BK-64, BK-69),
TpeThOi — 6 NiHil—HOCIiB MyTariii sugary endosperm 2 (AC—
13, AC-16, AC-28, AC-32, AC-37 , AC-52). Bceroro
JUI aHaJi3y 3amy4deHo 18 iHOpemHux miHiH 1 63 mpocThx
ribpuais Bpoxkaro 2012 poky.
BupomyBanes i 1 TiOpHIiB TpOBOAMIN B
HocnigaunekoMy rocmozgaperBi  [Hetutryty — pocius-

munTBa iM. B.S. IOp’eBa HAAH (IP HAAH) «EmnitHe»,
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sKe po3TalloBaHe B XapKiBCbKOMY paiioHi XapKiBCHKOT
obmacti, mo BigHOocUThca a0 Cximmoro Jlicoctemy
VYkpainy, i Ha YCTUMIBCBHKIN JOCTITHIN CTaHINI pOCIUH-
munrea (YJCP), sxa posramoBana B [ TOOHHCEKOMY
paiioni IlonraBcbkoi o00dacTi, IO BIXHOCHTBCS 1O
[liBgenHoro micocrermy Ykpaiau.

[TonboBl mOCHiAM BHKOHYB&JIM BIANOBITHO 10
3aTJIbHONPUIHATO! METOAMKH IIOJIbOBOTO EKCIIEPHUMEHTY
[6] i «MeTomnuHUX peKOMEHAALIN MOJIBOBOrO i Jabopa-
TOPHOTO BUBYCHHS T'€HETUYHUX PECYPCIB KyKypya3u» [7].

OO0:1iKOBI TIOMI TUISTHOK JUIsi BUPOILIYBaHHS KOKHOT
miHii i ribpuma ckmagamu mo 9,8 M2 IToBTOpHicTH
MOJIBOBHX JIOCIIIKEHb — IBOPA30Ba.

IompoBi 00MiKHM 1 CTIOCTEpEKEHHS MPOBOILIA 3TITHO
«Knacudikaropa — nosinauka puny Zeamays L.» [8].

OO6miku 3epHOBOI MPOAYKTUBHOCTI JiHIH 1 TiOpumiB
3MIMCHIOBAIM HOAISIHKOBO MICJISi BUCYNIYBaHHS KauaHIB
1o 14 % Bororocri i X 00MOJIOTY.

Jns  nabopaTopHOTO aHajii3y BHUKOPHCTOBYBaJM
Marepiaj] BHKIIOYHO Bill KOHTPOJIHOBAHOTO 3aIlMJICHHS.
CTPYKTYpH
eHmocnepmy 3aiiicHioBau 3a eHoTUnoM 3epHa [9].

KoHTponb  anenpHOr0  CTaHy  IEHIB

Macy 1000 3epHiBOK BH3HA4Yald B JABOPA30Bid
noBTopHocTi 3rizno JJCTY 4138:2002 [10].

CraTUCTUYHUI aHalmi3 OTpPUMaHMX pPE3yJbTaTiB

NPOBOAMIM 338  3arajJbHONPUHHATHMH  (QOpMyIaMu

sSKicHOro 1 KinpkicHoro anamizy [11] Ha ocHOBI

3aCTOCYBaHHS CTAaHAAPTHUX 1 pPO3pOOJEHMX HaMHU
mporpam it poborn Ha EOM. OmiHKy IOCTOBIpHOCTI
BIIMIHHOCTI B JOCIIfi i KOHTPOJI MPOBOAMIN HAa OCHOBI
MTOPiBHAHHS cepemHix BETTHMYUH 30epexeHHS,
KHUTTE3TATHOCTI 200 €PEKTHUBHOCTI OTPHUMAaHUX B JTOCTIJI
1 KOHTpoOIi 3a mormomoroio kputepito CteiogerTta. OO0k
IHAUBIyaTbHUX OCOOIUBOCTEH 0i000’€KTY MPOBOIUIA
IPU yCEepeOHECHHI pI3HUII CIIONYYCHHX ITapaMeTpiB
KOHTpOJIb — fociix [12]. BinTBoproBaHicTh pe3ynbTaTiB
eKCIICPIMEHTY BHM3HA4Yald 3a JOIIOMOIOI0 BEJIWYUH
cepelHe BiIXmiIeHHs 1 KoediuieHTa Bapiauii Cv.
Pe3ysibTaTH YHCEIBHOI0 MOJENIOBAHHSA. 3 METOIO
BU3HAYECHHS 3aKOHOMIPHOCTEH BIUTMBY T€HOTHITY 3€pHa i
YMOB CTPYKTYypa

JOCII/DKCHHSI pO3JIeHa Ha TPU YacTHHU: BHBYCHHS

Horo BHUPpOLIYBaHHA, 3araJlbHa

KIHETUKH pocTy HACIHHS IICIIA 3aMHJICHHS PpOCiIrHH,

aHaji3 pI3HUX YMOB BHUPOUIYBaHHS 1 TIPHBEICHHS
OTPUMAHUX  pE3yNbTaTiB 1O  OJHAKOBHX  YMOB
BUMIiproBaHHs (puc. 1).

Jnst  aHANITHYHOTO  ONHMCY  TeTEePOreHHOCTI

01000’€KTy BHKOPUCTOBYBQJIM HACIHHS POCIHH, IO

MaloTh pI3HWUH TeHOTHI. Bu3Haummm eQeKTUBHICTH

pi3HHX CHOCOOIB BHPOIIYBaHHS NPU BHUKOPUCTaHHI

3aralbHONMPHUAHATHX METOHiB cemekmii. Jnsg  mporo

BCTAaHOBJIIOBAJIM €Tally, sIKi MatOTh HU3bKY €()eKTHBHICTB,
onTUMi3zamio X

1 TpOBOIIIH mapaMmeTpiB  3a

pe3ysbTaTaMu pO3BUTKY 01000’ €KTY B YMOBaX in vivo

®denotuniyHi pakropu:

k —ctpykrypa rpyHTy

MaremaTnyHi MOIEII:

l'enotumiuni dakropu:

t — gac 360py

T — ce30H BUPOLIYBaHHS

V} \ 4 +
— 2 — LIBUAKICTD mo — mk .Wl .W2 >l m, (a,t) 1. ®epxtonbeTa
Jinis ~al pocry > Mo(a,t)
_’
T'i6pin / - MO = Mk : W]_ : W2 " W (k) 2. Baifeca
> W (T) '
h — siicTs 3epua

Prcynok 1 — Cxema KoMIT FOTepHOTO JOCTIPKEHHS TeTePOreHHOCTI 3epHa KYKYPYy/I3H Ta yMOB IX BUPOITYBAaHHS :

m — maca po6u 3epHa (1000 3epHIBOK KyKypy/a3H); M — KiNBKICTh HIJTBOBOTO MPOIYKTY Y 3epHIBKaX; @ — MIBHIKICTH POCTY;

Wi(K) i W, (T) — edpexTuBHICTD BHpOILIYBaHHS 3¢pHA, 10 3aJISKUTH BiJl CTPYKTYPH IPYHTY Ta CE30HY; T — piK, t— Micsib

CTBOpPEHO MaTeMaTH4Hy MOJENb, IO ONKHCYE CTaH
6i000’€KTy B 3aJIEKHOCTI Bii HOro MOYaTKOBOTO CTaHy Ta
e(eKTUBHOCTI BUpOIIyBaHHSA IliIBHUINEHHS NOPIBHAHHOCTI
pe3ysbTaTiB

3a0e3rneyyBaiocsi 32 PaxXyHOK YCYHEHHs

Bapiamii 0OyMOBJIEHOI  PI3HUMH

IpyIoOBO1
BUPOLLYBaHH.

YMOBaMH

HeoOxingHicTIO CTBOpeHHs iMiTamiiiHOT MoOAeNi €
OTPUMAaHHS METOJy KiJIbKICHOTO BU3HAYCHHS 010J0TTYHIX
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(mBHAKOCTI pocty JiHIT 1 riOpuaiB) 1 edeKTHBHOCTI
TEXHOJIOTIYHHAX (akTopiB. [loKa3HUK MIBHIKOCTI POCTY
3aJI€KHUTh BiJI YOTUPHOX OloyoriuHux (akTopiB, MIO
BH3HAYAIOTh cTaH 0i000’ekTy. BeraHOBMBIIM MIBHAKICTH
pocTy 0i000’€KTY, OTPUMAHOTO BiJ KOHKpETHOI JiHii abo
ribpuma,  3a0e3medyeMo  CYMICHICTh  pe3yJIbTaTiB
OTpUMaHUX IIpU PI3HUX YMOBax HOro IpPOBEICHHS.
OTpuMyeMO  YHCENbHI  TOKa3HUKH  €(PEeKTHBHOCTI
aHaJI30BaHMX YMOB BUPOIIYBaHHS (CTPYKTYpH IPYHTY i
Ce30Hy) 1 HaciHHS, IO HE 3aJekaTh BiI SKOCTI
BUKOpHCTaHOrO 0i000’€kTy. B oCHOBY 3ampornoHoBaHOT
MaTeMaTHYHOI MO MOKIIaJAeHO piBHAHHSI DepXioibpcTa
JUIsl OIIMCY POCTY HACIHHS IIPH OLHII MacH:
d_mza.m.(l_mj’ (]_)
dt K

Jie M— Maca 3epHIBOK, T;
t —yac y ronuHax;
a —xoe(dilieHT, MmO BiZOOpakae MIBUAKICTE POCTY
3epHIBOK 3aJICKUTh BiJf TCHOTHILY;
K—
3HAYCHHIO MacH 3€PHiBOK.

KOe(DIlIEHT, 10 BIJNOBIIaE MaKCHMAJILHOMY

Pimenns  mudepenmiaaproro Bupasy (1) 1gae
YHCENbHI 3HAYCHHS Ul OMUCY MAacCH 3epHa B mporeci ix
BUPOILIYBaHHS B KOHTPOJIi:

m, - K -exp(a-t)

K-m, +m,-exp(a-t)’

m(t) = (2)
Jie Mo— 3HAYEHHS BIAMOBIZHE ITOYaTKOBOI MacH 3€pHa B
pooi.

Koeoimient, mo BigoOpaxae IIBUAKICTE pOCTY
CTaHy 3€pHIBOK — ¢ JJIsl JAHOTO aHaJITUYHOTO BUpazy M
(t), BU3HAYAETBCS METOJOM KOMII FOTEPHOTO MOEINIO-
BaHHA TIpH aHaji3l eKCHepHUMEHTAIbHO OTPUMAaHUX
3HAYEHb MacH 3epHIBOK y mpobi BiamosigHo (1).

BinnosigHo 10 dhopmynu baiieca [13], macy 3epra m
(t) mMoxHa BHpasHTH SK HOOYTOK YMOBHO 3aJISKHHX
HMOBIpHOCTEH (BHpaXEHMX B YMOBHHX OJMHHIIAX)
BiNOBITHUX KOe(]ili€HTIB BIAHOCHOI 3MiHM Macu Mpoou
OTpUMAaHOi B KOHTPOJII JI0 AOCHiAy HpPH Pi3HUX yMOBax
MIPOBEJICHHS EKCIIEPUMEHTY:

M, = my ®) W 'W3 3)
me W;— koedimieHT, OO BIANOBiZaEe 3MiHI YMOB
BHPOIIYBaHHA 3€PHIBOK Ta 3aJCKHUTh BiA POAFOYOCTI
I'PYHTY B KOHTpOJI 1 Jociiti, AIMOBIPHICTh 3MIHM Macu
3aJIeKUTh BiJ €(EKTHBHOCTI yMOB iX BHPOIIYBAaHHS Ha
PI3HMX MOJISIX B OJJHAKOBHMH 4ac;

W2 —

BUPOLIYBaHHA HACIHHS 3aJIC)KUTh Biﬂ KIIIMaTHYHUX YMOB

koe(ilieHT, 1O BiANOBiZaE 3MiHI YMOB
B KOHTpOJi 1 [ociimi, HMOBIPHICTE 3MiHM MacH, IO
3aJIeKHUTh BiJl €()EeKTHBHOCTI yMOB X BHPOIIYBaHHS Ha

OJIHOMY TTOJIi B Pi3HI POKH.

JI71st T IBMIIIEHHS TOYHOCTI BU3HAYEHHS aHAII THIHOL
saesxHocTi M (t) OyayroThCs perpeciiiai piBHIHHS 3MiHA
Macu HaciHHsg M (t) Bixg uYacy MeTOJOM HaWMEHIIUX
KBampaTiB.  3HAYCHHSA

KoeQimieHTiB  e(eKTUBHOCTI

BupomryBanHs W; po3paxoByBaiM 3a  JIONOMOIOIO
3alpOMOHOBAHOI MOZENi Ha OCHOBI EKCIIEPHMEHTAIHHO
OTPUMaHUX 3HAa4eHb MacH  3pa3KiB OTPUMAaHUX B
KOHTpOTi 1 mocmimi m (t).

[ToMunKy BH3HAYEHHS EMIIIPUYHO OTPHUMAHOTO
MOKa3HWKa MacH Mija gac BupornyBanus m () BusHavamm
NpH BUKOPUCTAHHI 3araJbHONMPUHHATOI MeTomuku [14].
[Ipu 3aranbHONPHIHATOMY CIIOCO01 OIIHKM Mach 3epHa
3aJ]aHOT0 TEHOTHIIy II0 YCEpeIHEHOMY IIOKa3HHKY B
3aJIeKHOCTI BiJf HOTO MicHs BHpPOIIYBaHHA i CE30HY B
PI3HUX JOCIHiAax BiAMIHHICTH MOXE CTAHOBHUTH OiJbIIC
100 %. HeoOxigHiCTh HaHOTO MEPETBOPEHHS OB s3aHA 3
TUM, IO CEepe/iHI BEJIMYMHU HE HecyTh iH(opMarii mpo
CTaH OKpeMoi TpoOH, OTpUMaHOI B JOCHTITi, TOAI SIK
3alpOIOHOBaHa MO My(t) B CYKYIHOCTI 3 eMITipHYHO
oTpuMaHuMH (QYHKIISIMA B KoHTpoii M(t), BimoOpaxae
IHIUBIlya bHI BJIACTUBOCTI KOHKPETHOTO 01000°€KTy i
YMOBH HOTO BUPOLIYBaHHSI.

Jlnist cripolleHHs POoLEeypH PO3paxyHKy OCHOBHHX
010TEXHOJOTIYHIX ITapaMeTpiB PO3pPOOIICHO MPOTpaMHE
3abe3neueHHs B cepenosunl Microsoft Excel. I'padiune
NPENCTaBICHHS PE3yJbTATIB PO3PAXYHKY IMPEACTABICHO
Ha pHuc. 2.

Jlns mepeBipKd 3alpONOHOBAHOI IMITAIlifHOT Momeni
(1) Ta (3) mpoanasi3oBaHi JaHi MacH 3epHa PI3HHUX JIiHIM,
BupomieHnx B rocnomapctBax I [P HAAH «Exmitae» i
YIACP [15-17].
BUPOIIYBaHHA PI3HUX IHIA KyKypyA3W, IIOKa3aB, IO

[NopiBHsUIbHUI ~aHAJi3 PI3HUX YMOB

MakcuMaibHi 3HaueHHs mMack 1000 3epHiBoK B mpoOi i B
OJJTHOMY KauaHi BimoBifae Bupomrysanaio B Y[CP B 2012
poui. Y JI' IP HAAH «EiTHe» aHanoOriuHi MOKA3HUKH,
otpuMani B 2012 pomi aroTh 3HAYEHHS B CEPEeAHHOMY Ha
27 % nwxye. ToMy HaMH B SIKOCTI KOHTPOJIIO MPH MOOYI0BI
Mozeni B34Ti gaHi orpuMani B Y JICP.

3a  [ONOMOror0  BipTyaJbHOTO  €KCIIEPUMEHTY
BCTaHOBJEHO (Tabi. 1), 0 mMpH BUPOLIYBaHHI HACIHHS
JMiHIT KyKypyIO3d HOPMAJbHOTO TEHOTHIy B YMOBax
rocrionapete JAI' [P HAAH «Enitae» 1 YACP B 2012
poIli oTpMMaHi pi3Hi 3HAYEHHS Mach MPoO MICTATH TO
1000 3epHIBOK OKpEMO ISl KOXKHOT'O T€HOTHITY.

ExcriepuMeHTanbHO OTPUMaHi 3HAYeHHS J1AloTh
po36ixHOCTI 710 64 % TOAI SIK MOJIETIbHI HE NIEPEBUILYIOTh
18 %

pe3yibTaTiB, NP BUKOPHUCTAHHI 3aIIPONOHOBAHOT MOAe,

Kparnicts T ABUIICHHS MTOPIBHAHHOCTI

B CEpPEIHbOMY CTAaHOBUTH 7,3 pa3u i Bapiroe Bix 0,9 mo 25.

Amnamniz po30DKHOCTI pe3ynbTaTiB  Macu 3epHa

riopuaiB MyTarmii waxy (Tabs. 2) BHPOIICHUX B Pi3HUX
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roCIo/IapCcTBax BijoOpaxkae 3HAUYyLLy PO30IKHICTh JaHUX
(o 50,1%) i B
pe3yabTaTi 3acTOCyBaHHA Mojenai He Oimpme 15 %.
[ligBuIeHAsT CyMICHOCTI B CEpeIHBOMY CTaHOBUTH 5,7

OTPpUMAaHNX EKCIICPUMEHTAJIBHO

pasis, a Bapiamis Big 0,9 10 9,9.

ribpuaiB Myranid waxy i sugary endosperm 2 (tabiu. 2 i
3). MakcumanpHe 3HA4YeHHS JaHWX OTPUMaHHUX B
pe3ynbpTati mocuimy ctaHoBuTh 317,9 1 78,69 %, a mus
Mozmem 14 i 23 %, BigmoBigHO. 3acTOCyBaHHS MOJEINI

Ii/IBUIIly€e TOPIBHSHHICTE B cepeaHboMy B 13,7 1 25,3

AHanorivHa 3aKOHOMIPHICTh CIIOCTEpITaeThCS UIT  PasiB.
30 T520.00410 - 2.8846%° T 30,647 - 120.46x7 T 225.36x - 124.64
R2=0,999
400 15 20,0697 - 2,1493% T 22,0225 - 96,838x = 169.05% - 93,53
RZ=0,0092
350 19 =0,0530x - T7424%" T 15,0625 - S1.599% T 143.03% - S1.256
~ R2=0,9992
g 300 {y=0.0662x" = 2,0275% F 2L453% - 89,71x7 F 155,26 - 85,271
£ RZ=0,9992
g 250 : : .
2 vy =0,0304x - 1.2475%* + 1362457 - 58.481x7 + 104,14 - 58.)/
Q RZ=0,9993
= 200 ==RITP 11
5 150 =l=p 346
= =T 22
100 =1 619
50 sl P 165
0 5 10 15 20 25 30 33 40 43 50
-50
Uac pupoluyeanHd, 1o00a

Pucynok 2 — 3anexnicts Macu 1000 3epHiBOK JiHIH KyKypyI3H Bil 4acy BUPOILIYBaHHs Ha Y CTUMIBCBHKiil OCHTIqHIN cTaHIii

pocuaHMITBA B 2012 poui. EdexTuBHicTh TeXHONOTIH BUpoIyBaHHs ckiana it rpyHty Wy = 0,73 i cezony W, = 1. KoediuienT,

0 Big0OpaXkae MIBUIKICTH POCTY HACIHHS 3aJI€XHI Bif iX reHoruimy, a = 0,22.

Ta6muus 1 — Po36ixuicTs Macu 1000 3epHiBok riopuais F; miHiil KyKypyA3u HOpMaIEHOTO T€HOTHIY OTPUMAHHX B TOCIOIAPCTBAX
AT IP HAAH «Enitee» i YACP B 2012 p

Ti6punu Fixyxypynsu Maca 1000 3epHiBOK, T P030DKHICT TaHUX y PI3HUX KpatHicTb miBHILIEHHS
HOPMAaJIBHOTO T€HOTHITY (A IP HAAH «Enitae» 2012 1) rocrogapcTax, % CIIBCTaBHOCTI, pa3iB
Hocnin Po3paxyHox Hocmin Po3paxyHok
BUP-44xP-346 262,9 363,92 29,327 7,3938 3,97
BUP—44xT-22 291,15 402,66 51,125 8,097 6,32
BHP—44xA-619 239,85 331 451 4,27 10,5
BHP-44xP-165 222,65 308 455 4,6 10
BUP—44xB-37 297,3 409 21,1 14,7 1,43
P-165xA—619 236,7 327 36,9 1,47 25,2
T-22xP-346 2511 346,4 64,08 -15,4 4,17
T-22xA-619 259,6 359 64,9 -16 4,1 7,3
T-22xP-165 295,6 403,2 19,08 15,04 1,27
T-22xB-37 276,05 377,7 44,901 5,462 8,22
P-165xP-346 275,6 376 16,1 18 0,9
P-165xT-22 255,9 350 50,1 -8,7 57
B-37xP-346 259,4 354 32,6 33 9,89
B-37xA-619 218,85 299 46,2 -6,3 7,3
B-37xP-165 208,6 285,4 47,65 —7,22 6,6
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Tab6nuua 2 — Po36ixkuicte Macu 1000 3epniBok ribpuais F; miHiit kykypya3u myraunii waxy otpuManux B rociogapcrsax I IP
HAAH «Enitae» 1 YICP B 2012 p

T'i6puou F1 myrauii waxy Maca 1000 3epHiBOK, T Po30ixkHICTh TaHUX Y PI3HUX KpatHicTp miaBuIeHHs
(Ar IP HAAH «Emnitae» 2012 1) rocroapcTBax, % CITIBCTABHOCTI, pa3iB
Hocmin Pospaxynok Hocnig Pospaxynok
BK-11xBK-64 232,55 232,55 317,9 6,19 4,69
BK-19x BK-11 229,35 229,35 3125 7,60 3,60
BK-19xBK-13 209,95 209,95 287 —6,62 7,05
BK-19x BK-64 205,95 205,95 282 -14 4,2
BK 36 x BK 64 226,75 226,75 310 0,85 42,2
BK 36 x BK 69 210,3 210,3 288 -11 4,9 13,7
BK-69x BK-11 233,35 318,95 28,56 6,55 4,36
BK-69x BK-13 230,75 314,36 26,54 8,25 3,22
BK-69xBK-19 223,5 306 37,8 0,6 63,4
BK-69xBK—64 ¢1 219,1 300 49,7 -8,5 59
BK-69xBK—-64 ¢2 234,75 320 31,2 4,41 7,08

Tabmuna 3 —Po36ixuicT Mac 1000 3epHiBOK Ti0puais Fy miHii Kykypynsu mytarii sugary endosperm 2 OTpUMaHUX B
rocnogapcteax JII' [P HAAH «Emnitae» i YJICP B 2012 p

l6puan F1 myTauii sugary Maca 1000 3epHiBOK, T Po30ikHICTh faHUX y pi3HUX KpartnicTp ninBuieHHs
endosperm 2 (AT IP HAAH «Emnitre» 2012 1) rocrogapcTaax, % CITIBCTaBHOCTI, Pa3iB)
Hocnix Pospaxynok Hocmig Pospaxynok

AC13xAC 16 227,25 310,69 16,17 17,92 0,90

AC13xAC32 209,25 285,39 45,28 5,71 7,93

AC 13 x AC 37 219,7 300 43,8 4,76 9,21

AC13xAC23 197,25 269 33,8 2,35 14,4

AC28xAC 16 2111 288 17,5 16,6 1,05

AC32xAC 16 200,43 274 35,7 0,94 37,9 25,3

AC32x AC 37 181,65 248,8 56,35 -12,38 4,55

AC32xACS52 156,7 214,39 78,69 -23,34 3,37

AC37xAC 28 205,6 281 28,4 6,68 4,25

AC52xAC 16 192,35 263 37,2 -0,2 194

AC52x AC 28 193,35 264 30,3 51 5,94

BucnoBku. Po3poliieHo iMiTaniiiHy Mojenb, IO
OMHCY€E 3aJISKHICTP MAacH 3€pHa Bl iX TEHOTHUNY I
e(eKTUBHOCTI BHPOIIYBaHHS. 3acTOCYBaHHS MOJEI
0araTopazoBo IiJBHINYE BiJTBOPIOBAHICTh pPE3YJIbTATIB
JIOCIIZDKEHHS 1 3a0e3neuye yMOBH 1X TOPIBHSIHHOCTI MpH
BUKOPHCTAHHI Pi3HUX YMOB BHPOIIyBaHHS. 3aCTOCYBaHHS
3apONOHOBAHOI Mojieni pu MIPOBE/ICHHI
KOMIT FOTEPHOTO Oi0TEXHOJIOTIYHOrO JOCII/DKEHHS Ja€
MOXKITBICTh BU3HAYUTH YMOBHU BHPIILIEHHS! TOCTABICHOTO
3aBJIaHHs Ha €Talll MPOBEJICHHS MOIIYKOBHX JOCIIi/IiB.

2. TopiBHSIBHUIN aHalIi3 PI3HUX YMOB BUPOIYBaHHS
pi3HMX TiOpWAIB HAcCiHHA KyKypyZA3H, IIOKa3aBs, II0
MakcuManbHi 3HaueHHS Macu 1000 3epHiBOK B mpoli i B
OTHOMY KauaHi BiJIOBia€ BUPOIIYBAHHIO B JOCIiTHOMY
rociomapctei YJICP B 2012 poui. VY nocmigHOMy
rocrogapctei B rocrmonapcrBax JI' IP HAAH «Exitae»
aHAJIOTIYHI TOKa3HWKH oTpuMaHi B 2012 pomi AaroTh

3HaueHHS B cepeqHboMy Ha 27 % Hmk4de. 3aCTOCYBaHHS

MOJIEJl MiJIBUIILYE MOPIBHSIHHICTD B cepefiHbOMY 10 25,3
pasiB.
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O. H. LEVYTSKA, Y. V. VOYTENKO, A. 0. ORISHECHOK

COMPARATIVE ASSESSMENT OF GASEOUS FUEL EMISSION

The work presents estimated comparative assessment of emissions release in combustion products during work of high—power steam boilers with the
use of traditional fuel — natural gas and alternative fuels — blast—furnace and coke—oven gases generated in the process of technological cycle at iron
and steel and coke—chemical enterprises. Calculation algorithm is shown and formulas for assessment of carbon content in exhaust gases are defined,
conclusions on ecological efficiency of gaseous fuels are given.

The purpose of the work was to evaluate the emissions of harmful substances generated during the combustion of natural, blast furnace and coke oven
gases, justification of the calculation of carbon content of a given chemical composition and determine the optimal environmental impact of analogues
of natural gas.

The comparative estimation of pollutant emissions into atmospheric air during combustion of natural, coke oven and blast furnace gases revealed:

— high sulfur dioxide emissions from combustion of blast furnace and coke oven gases due to the presence of sulfur compounds in the composition of
these gases;

— relatively high emissions of nitrogen compounds for natural and coke oven gases and relatively low emissions for blast furnace gas;

— carbon emissions are high for all types of fuels which have been considered, most carbon dioxide gets into the air when burning natural gas, least —
when burning blast furnace gas;

— significantly higher methane emissions are observed during the combustion of natural and coke oven gases, respectively, smaller — for blast—furnace
gas combustion;

— coke oven and natural gases are characterized by low mercury emissions.

Comparative assessment of the calculated values of hazardous substances emissions in the combustion products in the process of combustion of
natural, coke—oven and blast—furnace gases shows that even at lower working heat of combustion values the coke—oven and blast—furnace gases can
compete with natural gas.

For the first time, a comparative characterization of the emissions of harmful substances in the combustion of natural, coke oven and blast furnace
gases is presented, and it is shown that the gases used in coke and metallurgical industries, which are used as analogues of natural, are logical to use,
but require the installation of treatment systems. The paper defines a formula for calculating the carbon content in natural gas from the Urengoy—
Uzhhorod gas pipeline. The provided calculations and the introduction of simplified formulas serve as an example for the calculation of emission
factors and emissions in assessing the level of safety of existing equipment and can be used in the development of permit documents of enterprises
that carry out emissions of harmful substances to the environment.

Keywords: emissions, greenhouse gases, hazardous substances, emission indexes, combustion.

O. I IEBHITbKA, I0. B. BOUTEHKO, A. O. OPILIIEY0K

ITOPIBHAJIBHA OIIIHKA BUKM/IIB ITPOAYKTIB 3IOPSIHHSA I'A3OINIOAIBHUX ITAJIUB
B ATMOC®EPHE IOBITPA

B pobori mpuBenena po3paxyHKOBa IMOPIBHSIbHA OIIHKA BHUKHJIB IIKI/UIMBHX PEYOBHMH y HMPOAYKTaX 3TOPSIHHSA TPH POOOTI BHCOKOMOTYKHHX
[IAPOBHX KOTJIIB 13 BHKOPHCTaHHSM TPaJHUI[IHHOIO MajHBa — IPHUPOIHOTO Tra3y Ta albTePHATHBHHUX INAJMB — JOMEHHOTO Ta KOKCOBOTO TasiB, IIO
YTBOPIOIOTHCS B XOAI TEXHOJIOTIYHOTO IIUKITy Ha METATYPrifHHUX Ta KOKCOXIMIYHHX ITinpreMcTBax. [lokazaHuii anropuT™M po3paxyHKy Ta BH3HaUYeHI
(hopMyITH IS OLIHKH BMICTY BYTJIEIIO y BHXIJTHHX ra3ax, HaBeACHI BUCHOBKH IIOI0 €KOJIOTIYHOT epEeKTUBHOCTI I'a30MOMIOHHX ITaJIUB.

MeToro po0oTH cTaNa OLiHKAa BHKUAIB MIKIIJIMBHX PEYOBHH, IO YTBOPIOIOTHCS B XOJi CITAIIOBAHHS IPUPOIHOTO, TOMEHHOTO Ta KOKCOBOTO Tas3iB,
OOIPYHTYBaHHS PO3paxyHKy BMICTy BYIVICLIO Y NMAJMBI 33JaHOTO XIMIYHOTO CKJIa[y Ta BU3HAYCHHS ONTHMAJIGHOTO 3 TOYKHU 30pY BIUIMBY Ha TOBKIILLL
aHAJIOTiB IPUPOTHOTO rasy.

Ilpy mopiBHANBHIN PO3paxXyHKOBIH OLIHII BHKHIIB 3a0pyAHIOIOYNX PEUOBHH B aTMOc(epHE MOBITPS NMPH CHAIIOBaHHI MPHPOIHOTO, KOKCOBOTO Ta
JIOMEHHOT'0 Ta3iB BUSBIICHO:

— BUCOKHIT BUKUJI TIOKCU/TY CIPKH IPH CTIAJIIOBaHHI JOMEHHOTO Ta KOKCOBOTO I'a3iB i3—3a HAasSBHOCTI CIIOJIYK CIPKH y CKJIaJi IIUX ra3iB;

— MOPIBHSHO BUCOKI BUKHIH CIIOJIYK a30TY JJISI IPUPOJHOTO i KOKCOBOTO Ta3iB i MOPiBHIHO HU3bKI — VISl JOMEHHOTO razy;

— BUKHIIM CIIOJNYK BYIJVICHIO € BHCOKMMH IS BCIX PO3ILIHYTHUX BHIIB HAIUB, HAOIIbIIE CHOMYK BYIVICIIO IOTPAIUIE B IOBITPS NPH CIATIOBAHHI
TIPUPOTHOTO ra3y, HalMEeHIIIe — IIPY CIIAIIOBAHHI JOMEHHOTO rasy;

— 3HAYHO OINBIIMI BUKHJI METaHy CHOCTEPIraeThCs NPH CHATIOBAHHI NMPHPOTHOTO i KOKCOBOTO Ta3iB, BiIOBIAHO MEHIIMH — NpH CIAJIOBAHHI
JIOMEHHOT0;

— KOKCOBHH Ta NPHPOHUH Ta3 XapaKTepH3yIOThCs HEe3HAYHHMH BHKUJIAMH PTYTI.

IMopiBHsIBPHA OLIHKA PO3paXyHKOBHX 3HAYCHb BHKHUIIB 3a0pYIHIOIOUMX PEYOBHH Yy MPOIYKTax 3rOPSHHSA B IPOLECI CMAIIOBAHHS NPUPOIHHX,
KOKCOBHX Ta JOMEHHHUX Ta3iB ITOKa3ye, M0 HAaBITh IPH HIDKYMX POOOUYHX TEIIOTaX CHATIOBAHHS KOKCOBHI Ta JOMEHHHH ra3u MOXKYTh KOHKYPYBATH 3
TIPUPOTHHUM Ia30M.

B po6orti Briepuie HaBeaeHa MOPIBHSUIbHA XapaKTEPHCTUKA BHKUIB IIKIUIMBUX PEUOBHH IIPU CIATIOBAHHI NPUPOTHOTO, KOKCOBOI'O Ta JOMEHHOTO

© O. H. Levytska, Y. V. Voytenko, A. O. Orishechok, 2021
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rasiB Ta II0Ka3aHo, 1[0 OTPHMaHi Ha KOKCOXiMiYHOMY Ta METalypriiiHoOMy BUPOOHHIITBAX ra3d, KOTPi BUKOPHCTOBYIOThCS SIK @HAJIOTH [IPUPOJIHOTO, €
JIOTIYHUMH Y BUKOPUCTAHHI, ajie NOTPeOyIOTh BCTAHOBJICHHS OYMCHHX cHCTeM. B po0oti BusHaueHa dopmyna Ajs po3paxyHKY BMICTY BYIJICLIO Y
HpUPOJHOMY rasi i3 rasompoBony YpeHrod—Yikropox. HaseneHi po3paxyHKH Ta BBEICHHs CHPOLICHHX (OPMyYN CIYTYIOTh HPHKIAJOM JUIst
po3paxyHKy Koedilli€eHTIB emicii Ta BUKHIIB NPH OLIHLI PiBHA OE3MEKH AII0YOro YCTaTKYBAaHHS Ta MOXYTh OYTH BHKOPHCTAHUMH IPH PO3POOLI
JIO3BUIBHUX JOKYMEHTIB IiJIPUEMCTB, L0 3AiHCHIOIOTh BUKUIH ILIKIIUBUX PEUOBUH Y JOBKIJUIS.
Ku1io4oBi ci10Ba: BUKH/IM, HAPHUKOBI a3y, IIKIUTHBI PEYOBHHHU, HOKA3HUKH EMICii, CHIaTIOBaHH.

E. I IEBHI[KAA, IO. B. BOUTEHKO, A. O. OPHIIIEYOK

CPABHUTEJIBHASA OIEHKA BBIEPOCOB ITPOJAYKTOB 3I'OPAHUS 'A300OBPA3HBIX TOILJINB
B ATMOC®EPHBII BO3J1YX

B pabore npuBeieHa pacueTHas CpaBHUTEIbHAS OICHKA BEIOPOCOB BPEIHBIX BEHIECTB B MPOAYKTAX CTOPAHHUS IPH PabOTe BBICOKOMOIIIHBIX TAPOBBIX
KOTJIOB C WCIIOJb30BAaHHEM TPAJUIIMOHHOTO TOIUINBA — TMPUPOJHOTO Ta3a W albTEPHATHBHBIX TOIUIMB — JIOMEHHOTO M KOKCOBOTO Ta3oB,
00pas3yomuxcss B XOJ€ TEXHOJOTHYIECKOTO IMUKIA Ha METaUTyPrHYeCKHX M KOKCOXHMHUYECKHX MPEnpHusTHsaX. [loka3aH aaroputM pacdyera u
ornpeeseHbl (GOPMYIBl IS OINEHKH CONEpXKaHWs yriepoda B OTXOISIIMX ra3aX, MPHBEICHBI BBIBOIBI 10 IKOIOTHYECKON 3(P(HEKTHBHOCTH
ra3000pa3HbIX TOILUIKB.

Ilenbro paboThl cTajga OIEHKA BBHIOPOCOB BPEIHBIX BENIECTB, OOPa3yIONIMXCS B XOJAE CKUIAHHSA MPHUPOIHOTO, JOMEHHOTO W KOKCOBOTO Ia30B,
000CHOBaHHE pacyeTa COIEPIKAHKs YIIepoaa B TOILUTMBE 3aaHHOTO XHMHUYECKOTO COCTaBa U OMpENETICHUS ONTHMAIBHOTO C TOYKH 3PEHUS BIUSHUS
Ha OKPYXKAIOIIYI0 CPELy aHAJIOra IIPHPOIHOTO rasa.

Ilpu CpaBHHUTENHHOW PAaCUETHOW OIIEHKE BHIOPOCOB 3arps3HSIONIMNX BEHNIECTB B aTMOCQEPHBIH BO3MYX MPU CKHUTAHHU MPHPOTHOTO, KOKCOBOTO U
JTOMEHHOTO Ta30B BBISBIICHO:

— BBICOKHH BBIOPOC JTHOKCHIA CEPBI IPH CKUTAHUHU TOMEHHOTO W KOKCOBOTO Ta30B H3—3a HAIMYHUS COSINHEHHH CEPBI B COCTABE ITUX Ia30B;

— CPaBHHUTEJBHO BBHICOKHE BRIOPOCHI COEMMHEHHIA a30Ta JJIsl IIPUPOIHOTO M KOKCOBOTO Ta30B M CPABHUTENHHO HU3KHE — IUISL IOMEHHOTO ra3a;

— BBIOPOCHI COEMMHEHHH YIJIEpOa BBHICOKH UISI BCEX PACCMOTPEHHBIX BHIOB TOIUIHB, OOJBIIE COEIMHEHH YIJEpOja TOMagaeT B BO3MYX HPH
CHKUTaHHMHU MPUPOJTHOTO ra3a, MEHBIIE BCETO — MPU C)KUTAHHU JJOMEHHOTO ra3a;

— 3HAYUTEIBHO OOJBIIHI BEIOPOC MeTaHa HAOIIOJAETCS P CKUTaHUH MIPUPOTHOTO M KOKCOBOTO T'a30B, COOTBETCTBEHHO MEHBIIHIA — IIPU CYKATAHUN
JIOMEHHOT0;

— KOKCOBBII ¥ IPUPO/IHBII T'a3 XapaKTEePH3yIOTCs HE3HAUUTELHBIMHI BBIOPOCAMHE PTYTH.

CpaBHHUTENbHAS OIIEHKA PACYETHBIX 3HAYEHHIH BHIOPOCOB 3arps3HSIONINX BEIIECTB B IPOLYKTAX CTOPAHUS B IPOIECCE CHKUTAHHS MPHPOTHBIX,
KOKCOBBIX M JIOMEHHBIX Ta30B IOKA3BIBAET, YTO Ma)ke NpH OoJice HU3KHX PabOYMX TEIUIOTAX CXKUTAHUsS KOKCOBBIA M JIOMEHHBIM Tasbl MOTYT
KOHKYPHPOBATH C PUPOHBIM Ta30M.

B paGore BriepBble MPEACTaBICHA CPABHUTEIbHAS XapaKTEPHCTHKA BBIOPOCOB BPEIHBIX BELIECTB IPU CKHIAHUH IIPUPOJHOTO, KOKCOBOTO H
JIOMEHHOTO T'a30B M MOKA3aHO, YTO IOJy4YEHHbIE HAa KOKCOXMMHYECKOM M METaLUTyprHYecCKOM HPOM3BOJCTBAX rasbl, KOTOPHIE HCIOJIB3YIOTCS KaK
QHAJIOTH TIPUPOJIHOTO, JIOTHYHBI B HMCIIOJIB30BAHHH, HO HYXIAIOTCS B YCTAHOBKE OYHMCTHBIX CHCTeM. B pabore ompenenena ¢opmysa mis pacdera
COJiepKaHus yriieposa B MPUPOJHOM rase M3 ra3onposoja YpeHroii—Yskropon. [IpuBeneHHbIe pacueTsl # BBEJCHHE YIPOLICHHBIX (GOPMYIT CIryXat
IPHEMEPOM JUTsl pacdera Ko3((HUIIMEHTOB 3MUCCHE U BBIOPOCOB IPH OICHKE YPOBHSI OE30MAaCHOCTH JCHCTBYIOIIEr0 00OPYHIOBAaHHS M MOTYT OBITH
MCIOJB30BaHbl MPH pa3paboTKe PaspelInTENbHBIX TOKYMEHTOB IPEAIPHUSITHIH, OCYIIECTBISIOUMX BBIOPOCH BPEIHBIX BEIIECTB B OKPYKAOLLYEO
cpeny.

KuroueBble ci1oBa: BEIOPOCHI, TAPHUKOBBIC Ta3bl, BPEAHbIC BEIECTBA, TOKA3aTENH EMHCCHH, CXKUIaHHUE.

Introduction. Modern society with the development
of innovation technologies and implementation of
effective monitoring researches puts forward new
requirements for the safety and environmental friendliness
of engineering processes. Therewith, one of the key issues
is the impact of industrial enterprises on atmospheric air
and ways of pollution abatement under such an impact.
This work considers the issues of atmospheric air
pollution in the process of fuel combustion to ensure the
operation of high—power steam boilers. There are assessed
emissions during operation of the stated boilers on fossil
gaseous fuel — natural gas and on blast—furnace and coke—
oven gases.

Analysis of major achievements and literature.
An economic resource is involved in natural gas
extraction unlike with blast—furnace and coke—oven gases,
negative influence on natural ecological systems occurs.

The main driving force on the way of searching for
alternative energy sources is the fullness of fossil fuels.
Blast—furnace and coke—oven gases are obtained as co—
product in metallurgical and cake and by-product
processes. Synthesis of these gases is not accompanied by
waste generation and exploitation of soil ecosystems.

Thuswise, interdisciplinary international consortium
of research centre (ArcelorMittal Global R&D Asturias
and Maizieres, Centro Sviluppo Materiali, Swerea
MEFOS, VVDEh-Betriegsits) has successfully
implemented project aimed at expanding the use of blast—
furnace gas in steel-making furnaces [1].

It has been established that the process for high—
pressure hydrogen recovery from coke oven gas is known
[2] and blast—furnace and coke—oven gases are used in
heat-treating furnaces and annealing lines in the metal
melting industry [3, 4], a low emission coke oven system
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using oxy—fuel combustion of coke oven gas was adopted
to limit nitrogen oxides (NOx) emission and realize
carbon dioxide (CO,) enrichment [5]. But comparative
assessment of emissions in the process of combustion of
these types of fuels and fossil minerals remains a pressing
issue. Primarily, this is because the stated emissions
provoke a greenhouse effect.

This phenomenon is constantly evolving and over
the last years has significantly increased its negative
impact on the planet. So, for instance, recent researches
predict climate warming during the course of the 21st
century between 1.0 and 3.7°C [6], and in 1993 author of
the article [7] pointed out that greenhouse effect could
cause further warming by 0.3°C over the course of
decade, unless appropriate measures are taken, that can
cause global changes in the structure of agriculture,
precipitation, water resources, rising sea level and coastal
flooding, occurrence of such phenomena as droughts and
hurricanes [7].

According to the data of United States
Environmental Protection Agency the fossil fuel
combustion produces about 65 % of global emissions of
greenhouse gases [8, 9]. In comparison with other
hydrocarbon fuels, such as natural gas, coke—oven gas has
high hydrogen sulphide content [10], for that reason
industrial ~ enterprises  implement  state—of-the-art
desulphurisation technologies [11, 12].

In Ukraine, vacuum-carbonate, arsenic-soda and
mono—ethanolamine purification methods, integrated
purification of coke—oven gas from hydrogen sulphide
and ammonia with ammonia decompounding using high—
efficient catalysts have been developed [13, 14].

In addition, the problem of the shortage of energy
resources is well known and pressing for specialists. For
that reason, search for alternative energy sources is one of
the priority tasks in the economy of countries all over the
world. Resource-saving and reuse of waste and by-
product recovery are ways to solve these problems.

The practice of coke—chemical and iron and steel
enterprises proves that the use of blast—furnace and coke—
oven gases in the production will allow not to spend
money on natural gas and to utilize by—products.

Formulation of the problem. This is precisely why
there is a need to compare the qualitative composition of
emissions in the process of combustion of natural gas and
alternative blast—furnace and coke—oven gases and to
formulate environmental conclusions on the feasibility of
using gaseous fuels synthesized at industrial enterprises at
industrial enterprises and in heating civic buildings, and
their advantages or disadvantages compared to natural
gas, which is the objective of this work.

Research results. When determining the gross
emission of hazardous substances for combustion units,
there is used the method of continuous measurements
with the application of in—process control devices or as
per calculation of the index of hazardous emission — the
specific value of emissions that is determined for a
particular unit and takes into consideration the fuel
characteristics, in particular its chemical composition,
combustion processes and methods of emission reduction,
assessment of the purification systems performance [15].

Despite the purification of coke oven gas from sulfur
compounds, ammonia, benzene [16], emissions of
polluting substances into the atmosphere are made.

The gross emission of a hazardous substance
entering into the atmospheric air in the process of
combustion of gaseous fuels for the relevant period is
calculated as the product of the index of hazardous
emission k;, fuel consumption for this period B and lower

wet heating value of this fuel Q; .

Indexes of hazardous emission are calculated
according to procedure [15]. Taking into consideration the
chemical composition of the natural, blast—furnace and
coke—oven gases under study and the operation of gas
cleaning plants, the following calculations are used in the
work.

To determine the indexes of emissions of NO, and
sulphurous anhydride, it is necessary to take into
consideration the effectiveness of primary measures to
reduce emissions m,, efficiency of flue gases purification

from pollutant purification plant performance

M s
coefficient . When determining NO, emission indexes, it
is also necessary to take into consideration degree of
pollutant emission reduction when operating at low load
f,. Emission indexes of NOy and sulphurous anhydride

are calculated according to formulas [15]:
kNOx = kNOXO f, 1-m, 1-nB ;

10° 2s'
50, == T~ 1_T'I|
Q' 100
When ignoring the mass content of moisture and
ash, the sulfur content in the fuel per working mass [15]:

_100 6 041.m,,, .

Pn
Emission indexes and emissions of carbon oxides
and dioxides are separately identified in the work.
Emission indexes of carbon oxides with
consideration for fuel heat loss due to combustible losses
qq are calculated according to [15]:

1-n,B .

Sdafzsr
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q
Keo :kcoo (Jfﬁj .

Considering the fact that the value of combustible
losses is g, = 0 for coke—oven, blast-furnace and natural
gases, we obtain the equation:

keo = ‘choo

Emission indexes of carbon dioxides with
consideration for oxidation rate of fuel carbon e. are
calculated according to formula [15]:

B 44—_ cr _ 10'5_
€%~ 132 100 QT Ec
Carbon content in fuel per working mass will be [15]:

caar = gr = 1O\ 1P
Pn 12p +q
Index of mercury emission with consideration for

mercury capture efficiency in dust-extraction plant n,
[15]:

me g, +0,429mep + 0,273mc02)

kg = ‘T‘:Hyp(l _nyzu)

Since  when changing the parameters of
technological processes of fuel combustion it is possible
to vary the consumption of the same fuel, the best option
would be to set the same fuel consumption values for all
considered types of fuels. In the calculations, we set the
fuel consumption equal to 1 t.

Hazardous substances emissions in the process of
combustion of coke—oven, blast—furnace and natural gases
were calculated for the units with heating capacity from
50 to 300 MW. In the processes of combustion there is
used coke—oven gas purified at coke—chemical plants,
therefore, the numerical values used in the calculations
are relevant specifically for the purified coke—oven gas.
To determine the magnitude of the hazardous substances
emissions in the process of combustion of combustible
gases, the lower wet heating value of the fuels, listed and
presented in table 1.

Table 1 — Lower wet heating values of coke—oven, blast—furnace
and natural gases

When ignoring the value of moisture content, we set
QY= Q", where Q% Q" — lower dry and wet according to
fuel calorific value. When ignoring the value of moisture
content, we set Q¥ = Q" , where Q%, Q" — lower dry and
wet according to fuel calorific value.

Emissions after gaseous fuels combustion contain
sulphurous anhydrides, NOx, carbon oxides and dioxides,
mercury. It is worth noting that, unlike coal of various
grades, there are no heavy metals in the combustion
products of the gaseous fuels under study, unlike high—
and low-sulfur residual oils — vanadium compounds and
unlike biomass, pellets, briquettes and the above coals and
residual fuel oils, the combustion products of the natural,
blast—furnace and coke—oven gases contain no suspended
particulate matter.

Results and discussion. Industrial facilities and the
main purification equipment of the majority of coke—
chemical enterprises in our state were built in the age of
industrialization, when the main objective was ramp—up
of industrial products output. Together with the main
products — coke, there was increased the volumes of
coke—oven gas, which was generated during the high—
temperature heating of the coal charge in coke blast
furnaces.

Coke—oven gas consists of pyrogenic water vapours,
coal-tar pitch, methane, hydrogen, carbon oxides and
dioxides, nitrogen compounds, ammonia, hydrogen
sulphide, ammonocarbonous acid, a large amount of
unsaturated aromatic hydrocarbons, naphthaline and other
substances [13]. For industrial use, gas with such
chemical composition is unacceptable, therefore it is
purified in by-—product-recovery departments of coke—
chemical enterprises.

Within the influence of coke—chemical enterprises,
there may be residential buildings and summer cottages,
therefore the goal of specialists is emission reduction
generated in the process of coke—oven gas combustion.
Considering high hydrogen sulfide content in coke—oven
gases, which leads to significant sulfur—dioxide
emissions, the enterprises of the industry are working

Type of Combus— | Q"(per | p.kg/m* [ Q"(per with capacities that implement reagent vacuum—
fuel tion process VOIumg) [15] mass), carbonate, arsenic-alkaline and monoethanolamine
nEJI/S? mikg methods of gas purification from hydrogen sulphide.
Coke_ in—chamber | 16.61 0483 3439 When comparing these three methods, the authors
ovengas | combustion [15] acknowledge the fact that in the process of coke—
Blasi— in—chamber 3.04 1.296 3.04 oven gas purification using arsenic—alkaline method,
furnace combustion sulfur—dioxide emission and correspondingly the
gas enterprise payments for environmental pollution and
Natural in—chamber 33.08 0.723 45.75 damage to the environment will be high. When comparing
gas’ combustion the monoethanolamine and vacuum-carbonate method,
" — Urengoy-Uzhhorod gas pipeline the first one is more efficient, two—stage purification with
Bicnux Hayionaneno2o mexniunozo ynieepcumemy « X111y
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the vacuum-carbonate method corresponds to the
monoethanolamine method. Considering high toxicity of
the monoethanolamine reagent, the use of two-stage
vacuum-—carbonate purification will be appropriate from
the perspective of the impact on personnel and
environment.

Today, coke—chemical enterprises use coke—oven
gas for heating-up coke furnace batteries, steam
generating units at their in—house combined electric—
power and heat—generating plants [15].

Practice of by—product coke plants proves that coke—
oven gas used for work of in—house combined electric—
power and heat-generating plants, is high—grade
alternative to natural gas. Such combined electric—power
and heat-generating plants heat the buildings of
enterprises. Unfortunately, a substantial amount of coke—
oven gas is still disposed of using gas escape equipment at
the by—product coke plants, while this resource can be
used to heat neighboring residential buildings.

Blast—furnace gas is co—product of metallurgical
production, which is generated in blast furnaces in the
process of iron smelting. Its main components are
nitrogen compounds, hydrogen compounds, carbon
oxides and dioxides, methane.

Prior to be used at metallurgical plants, blast—
furnace gas is cleared of suspended particulate matter.
Purification takes place in several stages with the use of
dry-type collectors and methods of wet purification —
scrubber filters, Venturi pipe.

Today, blast-furnace gas is used for heating—up
steam generating units of combined electric—-power and
heat—generating plants and for production needs [17].
Considering the experience of Dnieper Metallurgical
Combine, blast-furnace gas is low-calorie product,
generating a substantial amount of combustion products
[17]. However, such cases are not frequent. A substantial
amount of gas is disposed of by flare.

According to procedure [15], it is demonstrated that
natural gas from Urengoy-Uzhhorod and Central Asia—
Central gas pipelines contains no hydrogen sulphide,
therefore, sulfur—dioxide emissions in the process of
combustion of this gas will be absent.

Unlike natural gas, coke—oven and blast—furnace
gases contain hydrogen sulphide (table 2).

Enterprises of Ukraine, which use blast—furnace and
coke—oven gases, usually do not use desulfurization
equipment and sorbent agents for sulfur retention. In the
absence of such equipment, the coefficient value of the
operation of the desulfurization unit, the efficiency of flue
gases purification from sulfur oxides and the efficiency of
sulfur retention by ash or sorbent agent in the electric

power plant will be equal to zero. Table 2 presents sulfur
content, calculated emission indexes and values of sulfur—
dioxide emission in the process of combustion of coke—
oven and natural gases.

Table 2 — Calculation parameters of sulfur—dioxide emission
indexes for coke—oven and blast—furnace gases

Fuel H,S, % S" % | kg, 0/Gl| E kg
[15]
Coke—oven gas 0,4 0,12 69,79 2,4
Blast—furnace gas 0,3 0,03 197,37 0,6

With a slight difference of the hydrogen sulfide
content in the compared types of gaseous fuels, the value
of sulfur—dioxide emission index for blast—furnace gas is
higher.

Calculation of sulfur content in the fuel takes into
account the value of the fuel density — the lower density
(table 1), the higher values of the calculated emission
index. Despite the significantly higher value of sulfur—
dioxide emission index, the emission of this pollutant in
the process of combustion of blast—furnace gas will be
four times lower than the similar emission in the process
of combustion of coke—oven gas as a result of much lesser
lower wet heating values.

The combustion processes of combustible gases in a
significant number of industrial enterprises of Ukraine is
carried out in the absence of special equipment, therefore,
for a comparative analysis of the emission values of NOx
and nitrogen dioxides, the emission factors of NOx and
nitrogen dioxides for the gases in question will be
considered according to procedure [15].

Emission indexes of NOx and nitrogen dioxides with
disregard for measures to emissions reduction for coke—
oven, blast-furnace and natural gases are presented in
table 3. Emission indexes are significantly higher for
NOx, among them the highest values are obtained in the
process of combustion of coke—oven gas, the lowest
values — for blast-furnace gas. Emission indexes of
nitrogen dioxides have the highest values in the process of
combustion of gases generated at production. When
combusting natural gas, almost all nitrogen is oxidized to
NO,.

Emission values of NOx and nitrogen dioxides for
the considered types of fuels, calculated on the basis of
emission indexes, are presented in Fig. 1.

NOx are indicative of the emission value among
nitrogen compounds emitted into the atmospheric air in
the process of combustion of combustible gases. Higher
emission values were obtained for natural and coke—oven
gases, the lowest value — for blast—furnace gas.
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Table 3 — Emission indexes of NOx and nitrogen dioxides in the
process of in—chamber combustion of combustible gases with
disregard for measures to emissions reduction, g/GJ [15].

Emission Coke-oven Blast—furnace Natural
index gas gas gas
NO, 150 100 120
Nitrogen 2 2 0.1
dioxide

At the same time, nitrogen dioxide emissions in the
process of combustion of natural and blast—furnace gases
will be lower. The highest emission value for this
pollutant was obtained for coke—oven gas.

However, contribution of the nitrogen dioxides to
the nitrogen compounds emission is negligible. When
estimating emissions of these compounds, the lowest total
emissions are characteristic of blast-furnace gas. Total
emissions of NOx and nitrogen dioxides will be the
highest for natural gas.

Interestingly, at high values of NOx emission
indexes for coke—oven gas compared to natural gas, the
emission value of this pollutant will be higher for natural
gas. And at similar values of the emission indexes of
nitrogen dioxides for coke—oven and blast—furnace gases,
the first one, in the process of combustion, will provide a
high emission. Thus, density and lower wet heating value
play an essential role in the formation of pollutant
emissions.

5 5,2 5,5
3
0,3
O | —
coke-oven gas  blast-fumaregas  natural gas
a
0,1
0,069
0,05
0,006 0,005
0 L 1 I 1

coke-ovengas blast-furnacegas  naturalgas

b

Fig. 1 — NOx emissions (a) and nitrogen dioxides emissions (b)
in the process of combustion of 1 t fuel, kg

Composite index of carbon oxides emissions in
accordance with [15] for natural gas is 15 g/GJ, let us
assume for blast—furnace and natural gases the emission
index of carbon oxides at the level of the corresponding
index during operation of stationary engines with the use
of gaseous fuel, which also makes 15 g/GJ.

To determine the index of carbon dioxide emissions
in the process of combustion of gaseous fuels, it is
necessary to calculate the carbon content. Since in the
process of gases combustion, which are considered in the
work, the ash mass content in the fuel per working mass
(%) is A"=0, and the value of the moisture mass content
in these gases per working mass (%) is low, and it can be
neglected in the calculations, we get equation C* = C".

To determine the carbon mass content in the fuel per
working mass it is necessary to know the amount of carbon-
containing compounds in the fuels under study and their
density. Tables4, 5 present chemical composition as per
carbon—containing compounds of natural, coke—oven and
blast-furnace gases with consideration for these
procedures [15] and study results as to compounds
content C,H,, in coke—oven gas at coking plant.

Table 4 — Volume ratio of carbon—containing compounds, %, in
natural gas from Urengoy-Uzhhorod gas pipeline [15]

CHy, % | CoHg, % |CsHg, %|CyHig, %|CO,, % | p,, kginm®

98.90 0.12 0.011 0.01 0.06 0.723

Table 5 — Volume ratio of carbon—containing compounds, %, in
coke—oven and blast—furnace gases [15]

Gas | CHy, |CoHy | C3Hg | CeHg, | CO, | CO,, | p,,

% % % % % % |kg/nm

3

Processe| 22.5 13 0.4 0.2 6.8 | 2.3 |0.483
d coke-
oven

Blast- | 0.3 - - - 28.0 | 105 [1.296
furnace

Taking the above mentioned into consideration, the
formula for calculation of the carbon mass content in
natural gas per working mass will look like:

Cdaf =C'= @(im + ﬂm +
p, \12+4 M 12.246
12-3 12-4

M, + ————mg, +0,273m
12:3+8 =™ 12.4+10 “™ COZJ

For coke—oven gas, the formula will look like:
r_@( 12 — 12-2 - 12-3 -
p, \12+44 M 12.244 7" 12.3+6 O

Cdaf =C

12-6

+mmCH +0,429m., +0,273m, j
6+ 66 2
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For blast-furnace gas, the formula will look like:
100( 12

% _r = p_(m My, +0,429m,, +(),273mco2 j

When calculating the carbon mass content in natural
gas per working mass, the mass values of carbon—
containing compounds are calculated according to
formulas of procedure [15] or recalculated to mass with
consideration for values of volume ratio of carbon—
containing compounds.

According to procedure [15], recommended value
¢ _c for natural gas makes 0.995. Let us assume ¢ ¢ =
0.995 for blast—furnace and coke—oven gases.

Necessary data and calculation results of emission
indexes of carbon dioxides for the fuels under study are
presented in table 6.

Calculated values of emissions of carbon oxides (a)
and carbon dioxides (a) in the process of combustion of 1
t fuel are presented in Fig. 2.

Table 6 — Calculation parameters of emission indexes of carbon
dioxides for gaseous fuels

Fuel Q' [15]*| C'[15]| & [15] | ko,
Natural gas 45.75 73.73 0.995 | 58849.43
Coke—oven gas 34.39 40.68 0.995 43195.44
Blast—furnace gas 3.04 16.05 0.995 [192792.71

* while neglecting the value W' — moisture content, it is
accepted Q¥ = Q" and lower volumetric wet heating value is
recalculated into mass one

At the same emission indexes of carbon oxides,
emissions of these compounds in the process of
combustion of different fuels are significantly different. A
tonne of burnt natural or coke—oven gas will provide more
than ten times more carbon oxide emissions than a tonne
of burnt blast—furnace gas.

When analyzing emissions of carbon—containing
compounds, a significant proportion is accounted for by
carbon dioxides emissions. Emission index of carbon dioxide
is the highest for blast—furnace gas, but the highest emission
values will be in the process of combustion of a tonne of
natural gas, and the lowest — specifically in the process of
combustion of blast—furnace gas.

In this case, the total emission in the process of
combustion of carbon oxides and dioxides will be the highest
for natural gas and the lowest for blast—furnace gas.

Emissions of power—generating equipment for
combustible gases burning are usually not cleared of
methane and nonmethane volatile organic compounds.
Therefore, when determining the emission indexes of
these compounds, no amendments and additional factors
that take into consideration the parameters and

effectiveness of the purification equipment are made.
Emission indexes of methane and nonmethane volatile
organic compounds in the process of combustion of coke—
oven, blast-furnace, natural gases are presented in table 7.

08 0,686
06 0516
04
02 0,046
o] —/
naturalgas coke-oven gas blast-furmnace
gas
a
2692,3
6
3000 1485,4
2000 9
1000 586,09
0 I I
naturalgas coke-oven gasblast-furmnace
gas
b

Fig. 2 — Emissions of carbon oxides (a) and carbon dioxides (b)
in the process of combustion of 1 t fuel, kg

Table 7 — Emission indexes of methane and nonmethane volatile
organic compounds, g/GJ [15]

N Coke—oven | Blast—furnace
Emission indexes Natural gas
gas gas
Methane 1 1 1
Nonmethane
volatile organic — — 5
compounds

Methane emission indexes are the same for all cases
considered. The presence of these compounds in
emissions in the process of combustion of combustible
gases indicates incomplete combustion [15]. Values of
methane emissions for combustible gases calculated on
the basis of emission indexes are presented in Fig. 3.

Notwithstanding the fact that emission indexes in the
process of combustion of the considered combustible
gases are the same, emissions due to different values of
lower wet heating value and density of each considered
fuel are different — the highest for natural gas and the
lowest for blast—furnace gas. Nevertheless, the emission
values for all considered fuels are quite low.

According to procedure [15], in the process of
combustion of coke-oven and blast—furnace gases,
emission of nonmethane volatile organic compounds is
not provided. This is explained by the initial chemical
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composition of the gases generated at the iron and steel
enterprises. Coke—oven gas prior to be used as an energy
resource or prior to recovery is cleared of aromatic
carbon—containing compounds in the capture workshops.

0,06 0,046
0.04 0,034

0,02 0,003

blast-furnace
gas

coke-oven gas natural gas

Fig. 3 — Methane emissions in the process of combustion
of 1t fuel, kg

Emission of nonmethane volatile  organic
compounds for natural gas calculated on the basis of
emission index is 0.229 kg per tonne of burnt fuel.

Mercury evolution in small quantities is possible in
the process of combustion of coke—oven and natural
gases. Calculation parameters of mercury emission
indexes for coke—oven and natural gases in the absence of
dust—extraction plant are presented in table 8.

Table 8 — Calculation parameters of mercury emission indexes
for coke—oven and natural gases

Fuel ng , g/GJ E, kg
Coke—oven gas 0.035 1.2¢107°
Natural gas 0.0001 4.6°10°°
Mercury emission indexes are low. The highest

values are shown for coke—oven gas, the lowest— for
natural gas. Mercury emission values in the process of
combustion of coke-oven and natural gases are
insignificant. Experts of coke—chemical enterprises
according to facts of the conducted laboratory studies,
refute the presence of mercury in industrial gases. When
comparing emissions in the process of combustion of the
above stated gases, mercury emissions are substantially
lower in the process of combustion of natural gas.

Conclusions. A tonne of burnt coke—oven or blast—
furnace gas produces a significantly lower emission of
carbon oxides and dioxides and lower total emission of
NOx and nitrogen dioxides. In the process of combustion
of these gaseous fuels there are no emissions of
nonmethane volatile organic compounds and methane
emissions are the lowest. Advantages of natural gas are
the absence of sulfur—dioxide emissions and mercury
emissions.

Mercury in fossil gases and by—products of the
industry is present in small quantities, therefore its
emission in the process of combustion of gases will not
exceed the regulatory requirements.

It was also determined in the work that the great
amount of atomic carbon in the gaseous fuels under study
is converted into carbon dioxide emissions, and atomic
nitrogen — into NOXx emissions.

When comparing coke—oven and blast—furnace
gases, emissions in the process of combustion of the first
one by most indicators are higher, but blast—furnace gas is
low calorific gas, therefore, in order to meet the same
needs it is necessary to spend more blast—furnace gas than
coke—oven gas. Compared to natural gas, emissions in the
process of combustion of coke—oven gas by the majority
of polluting substances are lower.

Comparative assessment of the calculated values of
hazardous substances emissions in the combustion
products in the process of combustion of natural, coke—
oven and blast—furnace gases shows that even at lower
working heat of combustion values the coke—oven and
blast—furnace gases can compete with natural gas. These
gases are co—products at industrial plants, turning the cost
of extracting an energy source into a profit due to its
recovery. Total values of gross emissions of polluting
substances at the enterprise during the use of alternative
fuels will also be lower, because emissions after
combustion of coke-oven gas or blast-furnace gases
when they are recovered in flares are added to the total
emissions that occur during technological processes and
increase the environmental tax of the industrial enterprise.
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C.M. BUKAHOB, T.I'. FABAK, P.C. CTOIIbKHH

TEILIOBA IHTET'PAIISI KOMIIPECIMHOI XOJIOUJIbHOI YCTAHOBKU HA MOJIOYHUX
HNIAITPUEMCTBAX

3a J0IOMOrol0 METOAIB MiHY-aHaJi3y IPOBEAEHO TEIIOBY iHTErpaIlilo aMiaqHOi KOMIIPECIHHOI XOIOAHIbHOI YCTAHOBKH, KA BUKOPHCTOBYETHCS Ha
MOJIOYHHX BHPOOHHIITBaX. 32 OCHOBY B3ATa IPHHIHUIIOBA cXeMa 3 XonoxonpoaykrusHicTio 1000 kBt. [[nst 1aHOi XONOZONPOAYKTUBHOCTI Oyino
PO3paxOBaHO OCHOBHI TeMIIEpaTypd UKy, BUTPATy XOJOJOAreHTy, HOro MUTOMY TeIUIOEMHicTh. Ha OCHOBI IMX JaHUX C(OPMOBAHO IOTOKOBY
TaOJIHIIO, 1[0 BKIIOYAJIa Fapsaui MOTIK XOJI0J0areHTy — aMiaKy — 1 IBa XOJIOJHUX ITOTOKH: BOJY Ha XIMBOJOOYHUCTKY i BOZY Ha TeXHOJOTiI0. ["apsramit
MOTiK aMiaky OyJ0 po30HTO Ha TPH IOTOKHU: OXOJIOKEHHS IapiB aMiaKy, KOHAEHCALIs i IepeoX0NI0KEeHHS. byllo BU3HaYeHO OTOKOBI TEIIIOEMKOCTI
1 TEIUIOBe HaBaHTaKEHHs (3MiHYy TEIUIOBMicTy) HMOTOKiB. Ha OCHOBI TeXHIKO-€KOHOMIUHHX PO3PaxyHKIB JUIS JaHOI CXEMH BH3HAUCHO MiHIMAIbHY
PI3HULIO TeMIlepaTyp B TEIUIOOOMiHHOMY oOnamHaHHI ATmin = 8°C, must sxoi Oyno moOynoBaHO CKJIAJIeHI KPHBI IOTOKIB. 3a JOIIOMOIOI0 MeTola
TaOJIMYHOrO aIrOPUTMY BH3HAUCHO TEMIIEpaTypy IiHYA I rapsdux 1 JUIl XOJOJHUX IIOTOKIB. BH3HaueHO MiHIManbHI 3Ha4YeHHS IOTY)KHOCTI
rapsg4ux Ta XOJNOAHHX YTHWIT Qumin 1 Qemin Ta HOTyXHiCTh pekymneparii, ska cxiana 701,8 kBt. IToGynoBaHo ciTKOBY miarpamy i po3TaIIOBaHO
TEIUIOOOMIHHUKH Yy BinnosizaocTi i3 CP ta N npasmiamu. Ha oCHOBI CiTKOBOI fiarpaMu 3alpOIIOHOBAHO TEXHOJOTIUHY CXEMYy ITiCII PEeKOHCTPYKIIi,
SKa BKJIIOYA€ BCTAHOBICHHS TPHOX PEKYNEPATHBHHUX TEIUIOOOMIHHHKIB, OJHOTO OXOJOJDKyBada Ta J[BOX HAarpiBadiB Ul JOCSTHEHHS WiTbOBHX
TeMIepaTyp i BUTpaTH IIOTOKIB. B sikocTi TemiooOMiHHOro 061aJHAHHS 3aIIPOIIOHOBAHO BUKOPUCTAHHS IUIACTHHYATHX TerioooMiHHUKIB dipmu Alfa
Laval. Ctpok OKyIHOCTI 3alpOIIOHOBAHOTO PIlICHHS CKJIa/ae NPUOIM3HO 1B POKH.

KrouoBi cioBa: TeruoBa iHTerpanis, NMiHY-aHAJI3, rapsdi Ta XOJOIHI YTHIITH, CKIAIEHI KPUBI, peKylepamis, XOJIOZOAreHT, XOJOIMIbHA
YCTaHOBKA, MOJIOYHI ITiPHEMCTBA.

C.H. FBIKAHOB, T.I. FAFAK, P.C. CTOIL[KHH

TEILJIOBASI MHTEIPALIASI KOMIIPECUOHHOM XOJIOAUJIBHOM YCTAHOBKHU HA
MOJIOYHBIX NPEAINPUATUAX

C NOMOIIBI0O METOJO0B INHHY-aHAIM3a IIPOBECHA TEIUIOBAash HHTErpallksi aMMHAYHOM KOMIIPECCHOHHON XOJNOJWIIBHOW YCTAHOBKH, KOTOpas
UCIIONB3YeTCsl HA MOJIOYHBIX INPENPUITHSIX. 33 OCHOBY B3sTa HMPUHLUMIIMAIBHAS CXeMa C XOJOJOHpousBoauTensHocThio 1000 kBr. [lns nanHoi
XOJIOJIOMPOU3BOAUTENBHOCTH OBUIH PACCYNTAHbI OCHOBHBIC TEMIIEPATyphI IIHK/IA, PACXOA XJIa/lareHTa, ero yaelbHas TermioeMkocTs. Ha ocHOBe 9THX
JIaHHBIX C(OPMHPOBAaHA MOTOKOBasi TaOJHIa, KOTOpas BKIIOYANA FOPSYMH MOTOK XJAJareHTa — aMMHaK — M JIBa XOJIOJHBIX IIOTOKA: BOIY Ha
XHUMBOZIOOYHMCTKY U BOJY Ha TEXHONOTHIO. [Opsduii MOTOK aMMHaka pa30MT Ha TPH MOTOKA: OXJAXKICHHE NAapoB aMMHaKa, KOHICHCALMS H
HepeoXJIak/eHIe. BBUIN ONpeeeHsl MOTOKOBBIE TEIMIOEMKOCTH M TEIUIOBbIE HArpy3k (M3MEHEHHe TeILIocoAepikaHus) motokoB. Ha ocHose
TEXHHUKO-9KOHOMUYECKHX PacyeTOB JUIsl JAHHOW CXEMBI ONpeeeHa MUHHMAIIbHAs Pa3HOCTb TEMIIEPATyp B TEIIIOOOMEHHOM 060pynoBaHUH AT min =
8°C, 11 KOTOpO#i GBUIH MOCTPOCHBI COCTAaBHbIC KPUBBIE NMOTOKOB. C IMOMOIIBI0 METOAa TabIMYHOTO aJrOPHTMA OIPEIENCHB! TeMIIepaTypsl MHHYA
JUISL TOPSYHX M JUIS XOJIOAHBIX MOTOKOB. Ope/ie/ieHbl MUHUMANIbHbIC 3HAUEHHSI MOLIHOCTH TOPSYHX M XOJIOAHBIX YTUIHT Qpmin ¥ Qcmin ¥ MOIIHOCTH
pexymneparuu, koropast cocrasmia 701,8 kBt. Iloctpoena cerounas amarpaMma M paccTaBlIeHBI TEIIOOOMEHHWKH B coorBercTBHH ¢ CP u N
npaBmiamMi. Ha OCHOBE CeTOYHOM AMarpamMMbl NPEIIOKEHa TEXHOJIOTHYECKas CXeMa MOCIe PEKOHCTPYKIIMH, KOTOpasi BKIIIOYAET YCTAHOBKY Tpex
PEKyHepaTHBHBIX TEII00OMEHHUKOB, OJHOTO XOJOAMIBHUKA U JIBYyX HarpeBaTeiel JUis JOCTHKCHHUS LENeBBIX TEMIIEPAaTyp U PacXOIO0B IOTOKOB. B
KayecTBe TEINI00OMEHHOr0 000pyI0BaHMs MPEUIaraeTcsl HCIOIb30BaHNE IUIACTHHYATBHIX TeroooMennnkoB dupmsr Alfa Laval. Cpok oxymaemoctn
HPEJUIOKEHHOTO PEIISHHUs] COCTABISIET IPHOIH3UTEIBLHO J[Ba TOJa.

KitioueBble cJIoBa: TEIUIOBas HMHTErpPAlys, MUHY-aHANH3, TOPSYUE M XOJOAHBIC YTHJIHMTBI, COCTAaBHbIC KDHBBIC, pEKynepaius, XJaJarcHr,
XOJIOJMIIbHAST YCTAHOBKA, MOJIOYHBIE IPETIPHSTHSL.

S.N. BYKANOV, T.G. BABAK, R.S. STOTSKYI

THERMAL INTEGRATION OF COMPRESSION REFRIGERATION UNITS IN DAIRY FACILITIES
The heat integration of an ammonia compression refrigeration unit, that is used in different dairy facilities, was carried out by the pinch analysis
methods. The schematic diagram of such unit with a cooling capacity of 1000 kW was taken as a basis. The main cycle temperatures, refrigerant
consumption and its specific heat capacity were calculated for a given refrigerating capacity. Based on these data, a stream table was formed, that
included a hot stream of a refrigerant — ammonia — and also two cold streams: water for chemical water treatment and water for technology. The hot
stream of ammonia was divided into three streams: cooling of ammonia vapors, condensation and subcooling. Heat capacities flowrates and heat

© C.M. Bukanos, T.I". ba6ak, P.C. Croupkuii, 2021
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loads (stream enthalpy change) of the streams were determined. The minimum temperature difference in heat exchangers AT i, = 8°C was determined
on the basis of technical and economic calculations for this process. The composite curves were plotted for the minimum temperature difference. The
pinch temperatures were determined by the problem table algorithm for the hot and cold streams. The minimum values of hot and cold utilities load
(Qumin and Qcmin) Were determined. The heat recovery capacity was determined, which was 701.8 kW. A grid diagram was built and heat exchangers
are arranged in accordance with CP and N rules. The retrofit of process flowsheet is proposed on the basis of the grid diagram that includes the
installation of three heat exchangers, one cooler and two heaters to achieve the target temperatures and flow rates. The use of Alfa Laval plate heat
exchangers is proposed as heat exchange equipment. The payback period of the design is about two years.

Key words: heat integration, pinch analysis, hot and cold utilities, composite curves, heat recovery, refrigerant, refrigeration unit, dairy enterprises.

Beryn. Ha Oarateox miampmeMcTBaX — XapdoBOi
MPOMUCIIOBOCTI 3aCTOCOBYIOTHCSI KOMIIPECIHHI XOJIOMIbHI
YCTAQHOBKH, /1€ BOHH BUKOPHCTOBYIOTBCS TSI OXOJIOKSHHS
PI3HOMa@HITHUX IIPOJYKTiB. 30Kpema, Ha MOJIOKO3aBOJaX
BOHH BUKOPHCTOBYIOTECS UL OXOJIOKEHHS MOJIOKA Ta IIPH
BupoOHUITBI cupy [1]. Ilpr poOOTI TakMX XOJOJMIBHUX
MAalllMH ~ YTBOPIOETHCSL TEIUIO, SIKE BUIUIAETECS TPH
OXOJIO/DKEHHI 1 KOHJIeHcallii XoJjonoareHTy. PariioHaibHe
BUKODUCTAHHA IBOT0 TeIUIa € aKTyaJbHOK 3a1adueio Y
3B’A3Ky 3 MOCTIMHMM ITiIBUIIICHHSIM IIiH HAa €HEProOHOCIi Ta
3araJbHUM HalpsMOM Ha eHepro30epeKeHHsL.

Ha xapuoBux mignmpueMcTBax iCHYIOTh Di3HI TEXHO-
JOTiYHI PIIIEHHS, 3aBISKH SIKMM BHKOPHCTOBYETBHCS TEILIO
KOHJICHCAIlli XOJIOZIOATCHTY 1 JIOCSTAETHCS palliOHATbHE
BHKOpHCTaHHs Teria. OIHUMH 3 Cy4acHUX 3ac00IB TEIUIOBOT
iHTerpaili, MmO J03BOJSIFOTH MPOBECTH MAaKCHMAJbHY
PEKYIIEpaLlifo Teia, € METO/H miHd-aHarm3y [2-4]. Criouatky
BOHHU 3aCTOCOBYBIHCS B Ha()TOra3oBMX BUPOOHHULITBAX, JIE
iCHye BeNlMKa KUIBKICTh TEIDIOOOMIHHOTO OONamHAHHS 1
NUTaHHS PaLiOHAJIFHOTO BHKOPUCTAHHS TeIula IOCTABAJIO
Iy)Ke aKTyallbHO [5],
€HEepro30epeXKeHHs y XapuoBili MPOMHCIOBOCTI [6], mpu

MOTIM BHUKOPUCTOBYBAJIUCA  JUIA

BUIIAPIOBaHHI coyieli [7] Ta B IHIHMX Tamy3sX XiMI9HOT

NPOMUCIIOBOCTI.  MeToan — MiHY-aHall3y  JI03BOJISIFOTH
MaKCUMaJIbHO BHKOPHCTOBYBATH PpEKyIepaliio Temma i
3aBJISIKH LIBOMY JIOCSTTH €(pEKTUBHOTO BUKOPHCTAHHSI TeIlIa
TIPY KOHJIGHCALii XOJIOJOAreHTIiB. Y SIKOCTI XOJIOJI0AareHTy Ha
IMPUEMCTBAX ~ Xap4oBiii MPOMHMCIOBOCTI HIMPOKE PO3-
MOBCIO/DKCHHS HaOyB aMmiak 3aBISIKH  TePMOJMHAMIYHII
nockoHasocTi [8]. YV poborti [9] 6y10 po3pobiieHO MOIYIbHY
YCTQHOBKY OXOJIOJDKEHHSI Ta30IMOMiOHOrO amiaky MHUIIXOM
YTWIi3aIii TeIUIOTH Teperpitoro amiaky. Y SIKOCTI TeIJo-
OoOMiHHOTO OONamHAaHHS TpH iHTeTpamii PEeKOMEHO0BaHO
BHUKOPHCTaHHS TUIACTHHYACTUX TETUIOOOMIHHHKIB, SIKa TaKHX,
II0 € KOMITAKTHUMH 1 3a0e3nedyroTh BHCOKI KoedilieHTH
teroBigaadi [10]. ¥V po6oti [11] Oymo AoCTiHKEHO MOXKITH-
BICTh 30ULITBIIICHHS TEIUIOBOTO TOTCHINATY TEIUIOHOCIS 3aBIIs-
KH JI0AaTKOBill Kommpecii xomomoareHty. IlepcriexTiBu
BUKOPUCTAHHS BHCOKOS()EKTMBHUX IUIACTMHYACTHX TEILIO-
OOMIHHHWKIB TIpH  IHTErpamii XOJOAWIBHHUX  IHKJIIB
mmokaszano B po6ori [12].

IMocTranoBka 3agayi. IlokaxxeMo SIK Ha MOJOYHOMY

HiZalI/I€MCTBi MOXKEC 6yTI/I OINTUMAJIBHO BUKOPUCTAHO

TEIUIO, SIKE YTBOPIOETHCS TPH KOHIIEHCAIlii X0I0I0areHTy,
o0 Mae Miclie Mpu poOOTI KOMIPECIHHOI XOJOIUIEHOL
MammHU. 7 IBOTO TIPOBENEMO TEIUIOBY IHTETpAIliio
amiaqHOi KOMIIPECIHHOi XOJOAMJIBHOI YCTaHOBKH 3a
JOTIOMOTOI0 METO/IB MiHY-aHaMi3y. Y SKOCTI ITOTOKIB, SKi
MOTpeOYIOTh HArpiBaHHS, BI3bMEMO JIBa IIOTOKH: BOJY Ha
XBO (xIMBOHOOYHCTKY) 1 BOAYy Ha TEXHOJOTIIO
(TeXHOJIOTIYHI TOTPEOH).

OcHoBHa 4acTHHA. J[I TPOBEIEHHS TEIUIOBOI
iHTerpanii 3a OCHOBY BI3bMEMO IPUHLHUIIOBY TEXHOII-
OTIYHYy CXeMY aMiagHOi KOMIIPECiifHOT X0IIOIMIBHOI yCTa-
HoBku. [loyaTkoBi [maHi Ui iHTerpamii: XoJomI0-
MPOAYKTUBHICTE ycTaHOBKH ckimamama Qy=1000 kB,
TeMIiepatypa amiaky B BUNapHuky -7°C, B KOHIEHCATODi
— 34°C. XomnomHi TOTOKH, SKi HOTPeOYIOTh HATPiBaHHS: BOJA
Ha XBO 1 Boja Ha TexHouorito. TexHoJoriyHa cxema €
TpamuIiiHa 11 KOMIPECIHHMX XOJNOJWIPHUX MAaIliH 1
npezcTaBieHa Ha puc.l. XoonoareHT (amiak) CTUCKAeThCs y
K1-3, ne

MIJBUIIYETHCS, TOTIM OXOJIOMKYETHCS, KOHICHCYETHCS 1

KOMIIpecopi Horo THCK 1 TeMmeparypa

MepPeOXOJIOUKYEThCsl B KOHAeHcatopi  Kn,  mami
JIPOCEITIOETHCSI, @ IOTIM BUIIAPOBYETHCS y BUNapHuKky M1-
2, Ie OXOJODKYE HEOOXiIHI 32 TEXHOJOTI€0 PEYOBHUHH.
[Ticns BuUMapoByBaHHsS amiak 3HOB CTHUCKA€TBCA Y
KOMIpEeCcOopi 1 UK TMOBTOPIOETHCS. 3TITHO MOYATKOBUX
JaHuX OyJIO pPO3PaxoBaHO IApaMETPH XOJOAMIBHOTO
OUKITY: TEMIIEPATyp Ta THCK aMiaKy B YCiX TOYKaxX IHKITY,
fioro BUTparTa Ta MMTOMA TEMJIOEMHICTB.

Sk 3a3HaYanoOCh BHWINE, JUIA TEIUIOBOi 1HTETpamii
3aCTOCYEMO  METOJM MiHY-aHamizy. byiao oOpaHo
TEXHOJIOTIYHI TOTOKH, IO MiJUIATal0Th HTErpaIii: OauH
rapsyuil i 1Ba XOJNOMHWX. [apsiumii MOTIK — e MOTIK
amiaky, SKHil OXOIOKYEThCS B KOHIeHcaTopi. Koro
OyJI0 pPO3rajy’)keHO Ha TPHU TIOTOKH: OXOJIOJKECHHS
razomonionoro amiaky (la), koHneHcamis amiaky (10),
OXOJIOJDKEHHS (TIEPEOX0JI0HKEHHS) pigkoro amiaky (1B).
VY SIKOCTI XOJIOMHMX MOTOKIB Oyi0 B3siTO: Bogy Ha XBO,
sKy Tpeba migirpiBatu 10 35°C (2) i Bogy Ha TEXHOJIOTIO
(3) (Texniuni motpedu), axy Tpeba Harpisatu 10 65°C. Ix
TeMIlepaTypH, BUTPATH, MUTOMI TEIZIOEMHOCTI, ITOTOKOBI
TEIJIOEMHOCTI, TEIJIOBE HaBaHTAXXCHHS Oyio
pO3paxoBaHO, a YAaCTKOBO HAJaHO (HANpHKJIal, HUIBOBI

TEeMITePaTypH BOJIH).
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Po3paxyHOK TEIUIOBOTO HABaHTaXEHHSA (3MiHH
tertopmicty) AH (Q) (skmo OyB BincyTHil (asoBuii
nepexij) Ta NOTOKOBHX TertoeMkocteid CP 3xilicHeHo 3a
CHIBBIHOIIECHHIMH:

AH=CP(T_-T ),
T S

CP=Gc.

Y Bumaaky §asoBoro mnepexoay TeIUIOBE HaBaH-
TaXeHHS (3MiHa TEIUIOBMICTY) MOTOKIB BH3HA4Yalach 3a
(hopmyoro:

AH=Gr.

3a pesynpTaTaMH PO3paxyHKIB OyJo cHOpMOBaHO
MTOTOKOBY TabmuIro (Tadm. 1).

Jns mopmaneiioro po3paxyHky Oyiao mHoOymoBaHO
CKJIaJlcHI KpHUBI ICHYIOWOTO TIpomecy [UI HaJaHOi
TeXHOJIOTiYHOT cxeMu. Pekymepariis Temina B iCHYIOIH
cxeMi BiNCyTHS, 1 Tpeba BH3HAYNTH TMOTEHIUAN JUIA
NpoBeJCHHs Tojanbiiol TemioBoi iHrerpauii. 11106 ne
3po0OUTH, HEOOXiTHO 3aAATHUCh MIHIMAJIBHOIO DPI3HHIICIO
TeMIepaTyp B TEIUIOOOMIHHOMY obOnaaHanHi. Ha ocHOBI
TEXHIKO-CKOHOMIYHHX PO3PaxyHKiB Oylo BHpIIICHO
MPUHHATH MiHIMATBHY pi3HHLIO Temrrepatyp ATy, = 8°C.
o6 TOYHO BHM3HAUMTH KUIBKICTh TeIUIAa TapsA4ux i
XOJIOMHHUX YTWIIT, a TaKOX BHU3HAYUTU TEMIIEPATYPY
MiHYa 715 TapsiuuX 1 XOJOAHUX YTHIIIT, OYJIO 3aCTOCOBAHO

Merox TabnmyHoro amropurmy. Jns uporo Oymm
chopmoBani  3pymeni Ha ATpn/2  TemmepaTypHi
iHTepBaNM Ta OOYMCIEHO TEIUIOBI OajxaHCH B MeXax
KO)XKHOTO TEMIIePaTypHOTO iHTepBally i MOOyZOBaHO
Kackax TabiauyHoro anropurMmy. s MiHIMaibHOT
pizauni temmepatyp ATy, = 8°C 3HalineHo UiIbOBI
MiHIMallbHI 3HAYCHHS TapsgyuX Ta XOJOTHUX YTHIIT, SKi
cxnani: Qumin=297,73 kBT; Qcmin=455 xBT. Temmnepatypa
MiHYa JJs Taps4Yux MOTOKIB JopiBHIOE 34°C, mis
xonoxHuX — 26°C.

Jlnst oTpuMaHHS ITBOBOTO 3HAYeHHS MOTY)XKHOCTI
PpeKyIepariii Ha TeMIrepaTypHO-eHTAJIBIIIHHIN Tiarpami Oyio
PO3TaIIOBAHO CKJIAJICHI KPUBI MPOLECY TAKUM YHHOM, OO
MiHIMaJbHE 30MIDKEHHS MK HHMH 10 OCI TeMIeparyp
nopieuroBaio 8°C (puc. 2), BeJIMYUHA MPOEKII MEPEKPUTTS
CKJIAICHUX KPHUBUX, IO BIANIOBiIa€  MaKCHMAJbHIH
MOTYXHOCTI pekynepatii, cknanae 701,8 kBr.

Jnst oTpuMaHHX LIBOBHX 3HAYCHb, CTBOPCHO
CITKOBY Jiarpamy porecy i PO3TaIIOBaHO
TeMI000MIHHMKM 3 JoTpumanHsM CP Tta N mpaBun
(puc.3.). 3 miarpaMu BHIHO, IO TOTIK amiaKy HIKYE
MiHYa PO3LICTUIIOETHCS. HAa TPU MOTOKH. Lle moscHroeThes
TUM, MO Y MiACHCTeMi HIDKYE IiHYa HE BHKOHYEThCS N
MPaBWIO 1 100 3a0e3MEYUTH HEOOXITHY PEKYIeparlio
TeIl1a, raps4uii HOTiK TpeOa pO3LICNHTH Ha TPH MMOTOKH.

Tabmuus 1 — IToToKOBI JaHi TEXHOIOTIYHOT CXEMHU

Ne Has3sa motoky Tun Ts,°C | Ty, °C G, kr/c | ¢, klx/krK | r, klx/kr | CP, kBT/K | AH (Q), kBt
(@)
la XOTOIDREHHA rop | 94 34 0,885 2,79 - 2,469 148,15
ra3ornoiOHOro amiaky
16 KonpeHcaris amiaky rop 34 34 0,885 - 1116 - 987,66
1B | IlepeoxonomKeHHS aMiaky rop 34 29 0,885 4,74 - 4,197 20,98
2 Bopma ma XBO X0 15 30 10,342 4,19 - 43,333 650
3 Boja Ha TeXHOJIOTiI0 XOJI 15 65 1,671 4,19 - 7 350
|
90 |
|
i |
75
|
|
60 :
&
: |
45
|
30 / ATiin=8°C

0 400

800 1200 H, kBT
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OCmin=455kBr Qrec=701,8 kBt OHmin=297,73 kBr
Pucynok 2 — Cxiazeni kpusi npouecy 1 AT = 8°C
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Pucynok 3 — CiTkoBa giarpama Imiciisi peKOHCTPYKIIii

Ha ocHOBi CITKOBOI [iarpaMH OTPUMYEMO CXEMY
amiayHol KOMIIPECIHHOT XOJOAMIBHOI YCTaHOBKH IICIIS
pekoHcTpykiii (puc. 4).
3i cxemu 0auMMoO, IIO amiak MiCIsI KOMIPECOPHOTO
10
temooominnuka PT1, ge XOlOAHMM HOCIEM € Bojaa Ha

BiZIICHHS MIOCTYIIA€E PEKyIEepaTHBHOTO

TexHoJoriro. ITicis boro BiH MOMIISETHCS HA 3 IOTOKH,

ONMH 3 SKUX I[OCTyMae JI0 PEKyIepaTuBHOTO
TennooOMminauka PT3, me X0JI0OQHMM HOCIEM € BOJa Ha
TEXHOJIOTIIO, Ipyrui 1o PEKyIepaTUBHOTO

TernooOMinnuka PT2, ne XO0JIOZHMM HOCIEM € BOJa Ha
XBO, a Tperiii mOCTyIA€E 0 YTHIITHOTO TEIUIOOOMIHHHKA
Cl, ne xomomHNM HOCieM € Bona 3 rpaaupHi. Jami mi 3
MOTOKU 3HOB 00'€/IHYIOTHCSI B OJIMH 1 aMiak MOCTYIae 10
pecusepy. Ilicas mporo amiak depes APOCETBHUI KIIANaH
OXOJIOJDKYETHCS Ta HAIXOAUTh Y BUMApHUK. [loTiM dyepe3
cernapaTop 3HOBY HaIXOAUTh Y KOMIIPECOPHE BiIiICHHS.
Boga Ha  TEXHOJIOTiIO  CIOYATKy IIOJA€ThCS  Ha
pexyrepaTuBHUHA TermooOMiHHUK PT3, ne mimirpiBaeTscs
Bix 15°C mo 26°C, 3aBasku TEILIOTI BiJ KOHACHCAIT mapu
amiaky. [ToTiM 11 BoJa TOCTYIAae 10 PEKyIEPaTUBHOTO
termooominanka PT1, ne migirpiBaetbes 3 26°C o 47°C,
3aBaaku TermoTi NHs. ITicas 1boro Boja Ha TEXHOJIOTIIO
HarpiBaetecsi B mimirpiBaui H2 3 47°C go 65°C 3a
paxyHOK Teruia rapsaux yTuiniT. Boga nHa XBO crnouarky
MOJTA€THCSL HA PEKyNepaTUBHUNA TeruiooOMiHHUK PT2, me
BoHa migirpiBaethbes 3 15°C mo 26°C, 3aBIsIKU TEIUIOTI BiX
KoHzIeHcamii mapm amiaky. Ilicma 1mporo mns Boja
H1, ne

HarpiBaethes Big 26°C no 30°C. Ha texHOMOTIYHINA cXeMi

MOTparuisie B YTWITHHA — TEIIOOOMIHHUK
BiACYTHIH xomommisHUK C2, 1o 300pa’keHnid Ha CiITKOBIN

nmiarpami (puc. 3). lLle mosicHIO€TbCS THM, IO TEIUIOBE

HABAHTAKCHHS HA [bOMY YTUJIITHOMY TEILIOOOMIHHHKY
Hesnaune (AH = 20,98 kBT) i 1e Terio MoXHa BiTHECTH
JO BTpaT Terjia B JOBKILIA. 3aBASKA 3aCTOCYBAHHIO
METO/IIB cxemi

miHY-aHalizy B 3alpOINOHOBaHIN

BUKOPHCTOBYETBhCS TEIUIO KOHAEHCAIl amiaky Iuist
MiZIrpiBaHHSA IBOX XOJOJHHMX MOTOKIiB: Bogu Ha XBO i
BOJIM Ha TEXHOJIOTIIO (TEXHIYHI TOTPEOH).

Jns peanizamii oOpaHoi cxemu Oyno mimibpaHo
ITacTHHYATI TerooOMiHHMKN ¢ipmu Alfa Laval: tpu
pexyneparuBaux PTI1-PT3, oxomomxkyBau Cl i n1Ba
HarpiBaua H1 i H2.

BucnoBku. B naniii poboTi MeTojaMu NiHY-aHAJI3Y
MPOBEICHO TEIUIOBY IHTETPAaIil0 aMiadyHOi KOMITpEeCiHHO1
XOJIOMUIBLHOT MallMHKM JJIsi MOJIOYHOTO MiJNPUEMCTBA.
[Ipu mpoMy OOTPYHTOBAaHO 3HAYCHHS  MIHIMaJIBHOI
pizauNi Temmepatyp AT, =8°C, ans skoro 3HalACHO
[UIbOBI MiHIMAaJbHI 3HAYEHHS TapsuyuX Ta XOJOTHHX
yTumiT, sSKki ckinand: Qumin=297,73 kB1; Qcmin=455 kBT.
Ha ocHOBi po3paxyHKiB Mo0OyI0BaHO CITKOBY Jiarpamy i
OTPHUMAaHO MOJIEPHI30BaHy TEXHOJIOTIYHY CXEMY Ipolecy
i3 poO3TallyBaHHSM pEKYNEpaTUBHUX 1  YTHIITHHX
TEemI000MiHHUKIB. B 3anmpornoHoBaHiil cxeMi peasnizoBaHO
BUKOPHCTAaHHS  Telja  KOHAEHCAIl  XOJIOI0areHTy
(amiaxy) Jurs migirpiBaHHS IBOX XOJOJHUX MOTOKIB: BOJU
Ha XBO (mo 35°C) i BOOM Ha TEXHOJIOTIIO (TEXHIYHI
notpebu) (mo 65°C). Jlns peamizamii mpoekTy Tpeda
BCTAaHOBHUTH  IUIACTHHYATI  TEIUIOOOMIHHUKHM:  TpHU
peKyTepaTuBHUX, OAWH OXOJOKyBay i1 [Ba HarpiBaua. 3
ypaxyBaHHSAM X BapTOCTI Ta 3aTpaT Ha aBTOMAaTH3alilo i
MPOCKTYBaHHS, MPUOIM3HUI CTPOK OKYIHOCTI CKJIaae

017151 IBOX POKIB.
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